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1
ELECTRONIC DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The disclosure of Japanese Patent Application No. 2017-
152938 filed on Aug. 8, 2017 including the specification,
drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND

The present invention relates to an electronic device, and
1s preferably applicable to, for example, an electronic device
for driving a motor.

Japanese Unexamined Patent Application Publication No.
2001-313488 (Patent Document 1) describes a structure 1n
which a substrate 1s electrically and mechanically coupled
with a housing by a screw.

Further, Japanese Unexamined Patent Application Publi-
cation No. 2008-60435 (Patent Document 2) describes a
structure 1n which a conductor pattern at the peripheral edge
of the opening for coupling a substrate to a housing and a
conductor pattern electrically coupled with a power supply
are coupled by a capacitor.

CITED DOCUMENTS

Patent Documents

[Patent Document 1] Japanese Unexamined Patent Appli-
cation Publication No. 2001-313488

[Patent Document 2] Japanese Unexamined Patent Appli-
cation Publication No. 2008-60435

SUMMARY

For example, for an electronic device in which a semi-
conductor device for supplying an output for driving a motor
1s mounted over a wiring substrate, desirably, the structure
of the wiring substrate 1s devised, thereby to improve the
reliability of the electronic device.

Other objects and novel features will be apparent from the
description of this specification and the accompanying draw-
ngs.

An electronic device 1n accordance with one embodiment
includes: a wiring substrate having a first main surface, a
second main surface opposite to the first main surface, and
a plurality of wiring layers arranged between the first main
surface and the second main surface; one or more compo-
nents including a first semiconductor device, mounted over
the wiring substrate; and a housing made of a metal for
supporting the wiring substrate. The first semiconductor
device has a switching power transistor. The housing 1s 1n
contact with the second main surface of the wiring substrate.
A first conductor pattern 1s formed at a first wiring layer of
the wiring layers, and a second conductor pattern 1s formed
at a second wiring layer of the wiring layers. The first
conductor pattern 1s a ground pattern for supplying a ground
potential or a power supply pattern for supplying a power
supply potential, and overlaps the first semiconductor device
in the thickness direction of the wiring substrate. The second
conductor pattern 1s not electrically coupled with any of the
one or more components, and 1s also not electrically coupled
with the first conductor pattern. The second conductor
pattern overlaps the first conductor pattern in the thickness
direction of the wiring substrate, and overlaps a region
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2

where the housing and the wiring substrate are in contact
with each other in the thickness direction of the wiring
substrate.

In accordance with one embodiment, 1t 1s possible to
improve the reliability of an electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an outward perspective view showing a structure
of an electronic device of First Embodiment;

FIG. 2 15 a plan view showing a structure of the electronic
device shown in FIG. 1;

FIG. 3 15 a plan view showing an 1nternal structure of the
clectronic device shown in FIG. 1 with a wiring substrate
removed;

FIG. 4 1s a perspective view showing an internal structure
of the electronic device shown i FIG. 1 with a wiring
substrate removed;

FIG. 5 15 a plan view showing an 1nternal structure of the
electronic device shown 1n FIG. 1;

FIG. 6 1s a partial cross sectional view showing a structure
partially broken along line A-A of FIG. §;

FIG. 7 1s a partially enlarged cross sectional view showing,
a structure of a part B of FIG. 6 on an enlarged scale;

FIG. 8 1s a circuit block diagram 1n a wiring substrate to
be mounted 1n the electronic device of FIG. 1;

FIG. 9 1s a perspective view showing the surface side of
the wiring substrate to be mounted 1n the electronic device

of FIG. 1;

FIG. 10 1s a partially enlarged cross sectional view
showing a structure of the wiring substrate at a part C in FIG.
9.

FIG. 11 1s a partially enlarged cross sectional view

showing a fixed structure of the wiring substrate at the part
C 1n FIG. 9;

FIG. 12 15 a plan view showing a structure of a first wiring,
layer of the wiring substrate of First Embodiment;

FIG. 13 1s a plan view showing a structure of a fourth
wiring layer of the wiring substrate of First Embodiment;

FIG. 14 1s a partially enlarged plan view showing a
structure of a part D in FIG. 13 on an enlarged scale;

FIG. 15 1s a plan view showing a structure of a third
wiring layer of the wiring substrate of First Embodiment;

FIG. 16 1s a partially enlarged plan view showing a
structure of a part E in FIG. 15 on an enlarged scale;

FIG. 17 1s a partially enlarged cross sectional view
showing a fixed structure of a wiring substrate of Study
Example 1;

FIG. 18 1s a partially enlarged cross sectional view
showing a fixed structure of a wiring substrate of Study
Example 2;

FIG. 19 1s a graph showing the end-point temperature
with the temperature rise saturated in continuous operation
ol a capacitor, a coil, a capacitor, a semiconductor device,
and a resistance coupled to the semiconductor device
mounted in each electronic device of Study Example 1,
Study Example 2, and First Embodiment;

FIG. 20 1s a plan view showing a structure of a fourth
wiring layer of a wiring substrate of Second Embodiment;

FIG. 21 1s a partially enlarged plan view showing a
structure of a part F 1n FIG. 20 on an enlarged scale;

FIG. 22 1s a plan view showing a structure of a third
wiring layer of a wiring substrate of Second Embodiment;

FIG. 23 1s a partially enlarged plan view showing a
structure of a part G 1 FIG. 22 on an enlarged scale;
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FIG. 24 1s a partially enlarged cross sectional view
showing a fixed structure of a wiring substrate of Third
Embodiment;

FIG. 25 1s a partially enlarged cross sectional view
showing a fixed structure of a wiring substrate of Fourth
Embodiment; and

FIG. 26 1s a partially enlarged plan view showing a
structure of a third wiring layer of the wiring substrate of
Fourth E

Embodiment.

DETAILED DESCRIPTION

In the following embodiments, a description on the same
or similar part will not be repeated 1n principle unless
otherwise required.

Further, in description of the following embodiment, the
embodiment may be described i a plurality of divided
sections or embodiments for convenience, 1f required. How-
ever, unless otherwise specified, these are not independent of
each other, but are 1n a relation such that one 1s a modifi-
cation example, a detailed description, complementary
explanation, or the like of a part or the whole of the other.

Further, in the following embodiments, when a reference
1s made to the number of elements, and the like (including
number, numerical value, quantity, range, or the like), the
number of elements 1s not limited to the specific number, but
may be greater than or less than the specific number, unless
otherwise specified, except for the case where the number 1s
apparently limited to the specific number 1n principle, or
except for other cases.

Further, 1n the following embodiments, 1t 1s naturally
understood that the constitutional elements (including ele-
ment steps, or the like) are not always essential, unless
otherwise specified, except for the case where they are
apparently considered essential 1n principle, or except for
other cases.

Further, 1n the following embodiments, it 1s naturally
understood that the wording “comprising A”, “formed of A”,
“having A”, or “including A” for the constituent elements or
the like does not exclude other elements except for the case
where A 1s expressed as only A, or other cases. Similarly, in
the following embodiments, when a reference 1s made to the
shapes, positional relationships, or the like of the constitu-
tional elements, or the like, it 1s understood that they include
ones substantially analogous or similar to the shapes or the
like, unless otherwise specified, unless otherwise considered
apparently 1n principle, or except for other cases. This also
applies to the foregoing numerical values and ranges.

Below, embodiments will be described in details by
reference to the accompanying drawings. Incidentally, 1n all
the drawings for describing the embodiments, the members
having the same function are given the same reference sign
and numeral, and a repeated description thereon 1s omitted.
Further, hatching may be added even 1n a plan view for ease
of understanding of the drawings.

First Embodiment

Structure of Electronic Device

FIG. 1 1s an outward perspective view showing a structure
of an electronic device of First Embodiment; FIG. 2 1s a plan
view showing a structure of the electronic device shown in
FIG. 1; FIG. 3 1s a plan view showing an internal structure
of the electronic device shown i FIG. 1 with a wiring
substrate removed; FIG. 4 1s a perspective view showing an
internal structure of the electronic device shown 1n FIG. 1
with a wiring substrate removed; FIG. 5 1s a plan view
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4

showing an iternal structure of the electronic device shown
in FIG. 1; FIG. 6 1s a partial cross sectional view showing
a structure partially broken along line A-A of FIG. 5; and
FIG. 7 1s a partially enlarged cross sectional view showing
a structure of a part B of FIG. 6 on an enlarged scale.

A description will be given to a structure of an electronic
device of the present First Embodiment. An electronic
device ED1 shown in FIGS. 1 to 5 1s formed 1n a substan-
tially overall cylindrical shape. The electronic device ED1
has a wiring substrate CB1 such as an mnverter board in
which electronic components are mounted at a wiring sub-
strate (substrate), and a housing HS made of a metal for
supporting the wiring substrate CB1. Then, as shown 1n FIG.
6, a motor 3 1s incorporated 1n a housing HS of the electronic
device ED1. The wiring substrate CB1 1s a substrate for
supplying an electric power to the motor 3, and controlling,
the motor 5. When the electronic device ED1 1s to be
mounted 1n a vehicle, the motor 5 1s, for example, coupled
with a pump mechamism of an internal gear type, thereby to
be a vehicle 1dling stopping electric oil pump.

As shown 1 FIGS. 1 to 4, the housing HS 1s formed of a
cylindrical main body part 15, a cover 1a arranged on the
upper side of the main body part 15, and a bracket 1c
arranged on the lower side. The main body part 15, the cover
la, and the bracket 1¢ are each made of a metal, and 1s
formed of, for example, an aluminum alloy. As shown 1n
FIGS. 3 and 4, the main body part 16 1s provided with
projections BS at a plurality of, for example, four sites
formed 1 a radially inwardly projecting manner. Each
projection BS includes a screw hole SH formed therein.
Further, as shown 1n FIG. 9 described later, at the circum-
terential part of the wiring substrate CB1, through holes
(first through holes) HC are formed at four sites. Accord-
ingly, as shown in FIG. 11 described later, the wiring
substrate CB1 1s fixed to the projection BS by inserting a
screw (bonding member) BT made of a metal mnto the
through hole HC via a washer (sheet conductive member)
WS made of a metal, and screwing the screw BT mto the
screw hole SH of the projection BS. Namely, the wiring
substrate CB1 1s supported by the main body part 15 via the
projection BS. Accordingly, when the cover 1a 1s removed
from the main body part 15, as shown 1n FIG. 5, the front
surface (first main surface or upper surface) CBa of the
wiring substrate CB1 appears. At the front surface CBa and
the back surface (second main surface or lower surface) CBb
of the wiring substrate CB1 shown in FIG. 6, various ICs

(Integrated Circuits) and electronic components are
mounted. As shown i FIGS. 6 and 7, a semiconductor
device PKG1 forming a power MOSFET (Metal Oxide
Semiconductor Field Effect Transistor) of a power transistor
1s arranged on the back surface CBb side of the wiring
substrate CB1. Similarly, semiconductor devices PKG2 and
PKG3 (see FIG. 13) forming a power MOSFET of a power
transistor are, although not shown, arranged on the back
surface CBb side of the wiring substrate CB1.

Further, as shown 1n FIG. 6, the motor 5 1s arranged on the
back surface CBb side of the wiring substrate CB1, and 1s
accommodated 1n the bracket 1c. The motor 5 has a rotor
shaft Sa of an output shait, a rotor core 5¢ rotating with the
rotor shait 5a, a bearing 556 for supporting the rotor shait 5a,
a stator core 5d of a stator, and fixed to the main body part
15 by press fitting or the like, and a coil 5e of a conductor
wire with an insulation film wound around the stator core 5d.

Further, as shown in FIGS. 1, 2, and 5, the electronic
device ED1 1s electrically coupled with a wire of the wiring
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substrate CB1 shown m FIG. 3§, and 1s provided with five
lead lines 4 of external coupling terminals led out from the
wiring substrate CB1.

<Circuit Configuration>

Then, a description will be given to the electronic com-
ponents to be mounted at the wiring substrate CB1 of the
electronic device ED1, and the circuit formed of the elec-
tronic components. FIG. 8 1s a circuit block diagram 1n the
wiring substrate to be mounted in the electronic device ED1

of FIG. 1.

The circuit of the electronic device ED1 of the present
First Embodiment 1s a circuit for driving the motor 5 as
shown 1n FIG. 8, and can be roughly divided into a power
type circuit configuration part (power type area) 16 and a
control type circuit configuration part (control type area) 17.
In FIG. 8, the circuit configuration in a region surrounded by
a broken line corresponds to the power type circuit configu-
ration part 16, and the circuit configuration in a region
surrounded by a dashed line corresponds to the control type
circuit configuration part 17. The power type circuit con-
figuration part 16 and the control type circuit configuration
part 17 are formed of the wiring substrate CB1, and the
clectronic components mounted over the wiring substrate
CBl1.

The power type circuit configuration part 16 includes an
inverter circuit 14 (the region surrounded by a two-dot chain
line 1n FIG. 8). The inverter circuit 14 1s formed of a
plurality of power MOSFETs 15a, 1556, 15¢, 15d, 15e, and
15/ of switching elements. The circuit of the present First
Embodiment drives the motor 5, and 1s a three phase inverter
circuit 14 including a combination of 6 power MOSFETSs
15a, 156, 15¢, 15d, 15¢, and 15/. Therefore, the wiring
substrate CM 1s also an inverter board. For this reason, a
large current passes through the power type circuit configu-
ration part 16. Incidentally, the semiconductor device PKG1
shown 1n FIG. 13 described later 1s a semiconductor device
forming the power MOSFET 154 and the power MOSFET
156. The semiconductor device PKG2 1s a semiconductor
device forming the power MOSFET 15¢ and the power
MOSFET 15d. The semiconductor device PKG3 1s a semi-
conductor device forming the power MOSFET 15¢ and the
power MOSFET 15/

On the other hand, 1n the control type circuit configuration
part 17, a MCU (Micro Controller Umt) 7, a predrniver 8, a
regulator 9, and a communicating I1C 10, and other elements
(not shown) are mounted.

In the power type circuit configuration part 16, an electric
power 1s supplied from a DC power supply 13 coupled with
a coupling through hole (first connector) 2/ via a noise filter
of a capacitor Cl/co1l L/capacitor C2 to the inverter circuit
14. Further, in the control type circuit configuration part 17,
the power supply voltage 1s lowered by the regulator 9, to be
supplied to the MCU 7, the predriver 8, and the communi-
cating IC 10. In other words, a second voltage lower than the
first voltage to be applied to the power type circuit configu-
ration part 16 1s applied to the control type circuit configu-
ration part 17. Then, the communication between the MCU
7 and an ECU (Electronic Control Unit) 12 externally
provided, and coupled with the coupling through hole 2f 1s
performed via a communicating 1C 10.

By the procedure up to this point, the MCU 7 generates
a control signal based on a command from the external upper
ECU 12. In response to the control signal, the predriver 8
drives the inverter circuit 14. Driving of the mverter circuit
14 controls the rotation of the motor 5 coupled with the
coupling through hole (second connector) 2g.
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In this manner, the control type circuit configuration part
17 controls the power type circuit configuration part 16. As
a result, the DC electric power supplied to the power type
circuit configuration part 16 can be converted mnto an AC
clectric power to be supplied to the motor 5, thereby to drive
the motor 3.

<Structure of Wiring Substrate>

Then, referring to FIGS. 9 to 16, a description will be
given to the structure of the wiring substrate CB1 and the
fixed structure of the wiring substrate CB1 of the present
First Embodiment. FIG. 9 1s a perspective view showing the
surface side of the wiring substrate to be mounted in the
clectronic device of FIG. 1; FIG. 10 1s a partially enlarge
cross sectional view showing a structure of the wiring
substrate at apart C 1n FIG. 9; FIG. 11 1s a partially enlarged
cross sectional view showing a fixed structure of the wiring
substrate at the part C i FIG. 9; FIG. 12 1s a plan view
showing a structure of a first wiring layer of the wiring
substrate of First Embodiment; FIG. 13 1s a plan view
showing a structure of a fourth wiring layer of the wiring
substrate of First Embodiment; FIG. 14 i1s a partially
enlarged plan view showing a structure of the part D 1n FIG.
13 on an enlarged scale; FIG. 15 1s a plan view showing a
structure of a third wiring layer of the wiring substrate of
First Embodiment; and FIG. 16 1s a partially enlarged plan
view showing a structure of a part E 1 FIG. 15 on an
enlarged scale.

First, a description will be given to the entire structure of
the wiring substrate CB1 of the present First Embodiment.
As shown 1n FIG. 9, the wiring substrate CB1 1s formed in
a substantially disk shape, and has a front surface CBa,
aback surface CBb opposite to the front surface CBa, and a
plurality of wiring layers arranged between the front surface
CBa and the back surface CBb. A description will be given
by taking the case where the wiring substrate CB1 of the
present First Embodiment 1s a subtractive substrate having
four wiring layers as an example. Incidentally, as shown 1n
FIG. 9, at the front surface CBa of the wiring substrate CB1,
the MCU 7, the predriver 8, the regulator 9, a zero C2
resistor 11, and other elements (not shown) are mounted.
Further, at the the circumierential part of the wiring substrate
CB1, through holes HC opeming 1n the front surface CBa and
the back surface CBb are formed. Further, at the circumf{er-
ential part of the wiring substrate CB1, a coupling through
hole 2/ including an externally inputting coupling terminal
NC, and a coupling through hole 2g including a coupling
terminal OC for output to the motor 3 are formed.

Then, a description will be given to the internal structure
of the wiring substrate CB1. The wiring substrate CB1 1s, for
example, a resin substrate. As shown in FIG. 10, the wiring
substrate CB1 has an insulation layer (first base material
layer or core layer) IL1, an insulation layer (second base
material layer or prepreg layer) 11.2a formed over the upper
surface CBab of the msulation layer IL1, and an insulation
layer (second base material layer or prepreg layer) 1125
formed over the lower surtace CBba of the msulation layer
IL1. The insulation layer IL1 includes, for example, a
material obtained by impregnating a glass fiber or a carbon
fiber with an epoxy type or a polyimide type thermosetting
resin. The mnsulation layers 11.2a and 11.26 each include, for
example, a prepreg of an epoxy type or polyimide type
thermosetting resin. The film thickness of the insulation
layer 11 1s, for example, 1 mm, and each film thickness of
the mnsulation layers 1L.2a and 1125 1s, for example, 200 um.

Further, over the upper surface CBaa of the insulation
layer IL.2a, a wiring layer (first wiring layer) WL1 1s formed.
Over the upper surface CBab of the mnsulation layer 111, a
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wiring layer (second wiring layer) WL2 1s formed. Over the
lower surface CBba of the insulation layer ILL1, a wiring
layer (third wiring layer) WL3 1s formed. Over the lower
surface CBbb of the insulation layer 1L.25, a wiring layer
(fourth wiring layer) WL4 1s formed. Namely, the wiring
substrate CB1 has four wirning layers of the wiring layers
WL1, WL2, WL3, and WL4 from the front surface CBa side
toward the back surface CBb side. Therefore, of the four
wiring layers, the wiring layer WL2 and the wiring layer
WL3 are wiring layers formed (arranged) in the 1nside of the
substrate. In the wiring layers WL1, WL2, WL3, and WL4,
conductor patterns (conductive films) are formed, respec-
tively. The conductor pattern 1s formed of, for example,
copper. Specifically, at the wiring substrate CB1 of First
Embodiment, at the wiring layer WL3, a ground (GND)
pattern (first conductor pattern or conductive film) CDgl 1s
formed. Whereas, at the wiring layer WIL4, a heat radiation
pattern (second conductor pattern or conductive film) CDhl
1s formed. In the present First Embodiment, 1n the thickness
direction of the wiring substrate CB1, the ground pattern
CDgl and the heat radiation pattern CDhl overlap each
other. Then, the heat radiation pattern CDhl 1s not electri-
cally coupled with any component mounted over the wiring
substrate CB1, and 1s also not electrically coupled with the
ground pattern CDgl. Further, although not shown, the heat
radiation pattern CDhl 1s also not electrically coupled with
the power supply pattern (the conductor pattern to be
supplied with a power supply potential ) formed at the wiring
substrate CB1.

Further, at the wiring layer WL 1, a heat radiation pattern
(third conductor pattern or conductive film) CD1 1s formed;
at the wiring layer WL2, a heat radiation pattern (third
conductor pattern or conductive film) CD2; at the wiring
layer WL3, a heat radiation pattern (third conductor pattern
or conductive film) CD3; and at the wiring layer W14, a heat
radiation pattern (third conductor pattern or conductive film)
CD4. The heat radiation patterns CD1, CD2, CD3, and CD4
can be each used as a land. Although described 1n details
later, the heat radiation patterns CD1, CD2, CD3, and CD4
are formed 1n a ring shape along the outer circumierence of
the through hole HC formed at the circumierential part of the
wiring substrate CB1 (in such a manner as to surround the
through hole HC). The heat radiation patterns CD1, CD2,
CD3, and CD4 are formed in the same shape and Wlth the
same dimensions, and overlap each other in the thickness
direction of the wiring substrate CB1. Each area of the heat
radiation patterns CD1, CD2, CD3, and CD4 1s, for example,
16 mm”.

Atthe wiring substrate CB1 of First Embodiment, the heat
radiation pattern CD4 and the heat radiation pattern CDhl
are integrally formed. Namely, the heat radiation pattern
CD4 and the heat radiation pattern CDhl are electrically
coupled with each other. Incidentally, at the wiring substrate
CB1 of First Embodiment, the heat radiation patterns CD1,
CD2, CD3, and CD4 are not electrically coupled with the
projection BS of the main body part 15 (housing HS), the
screw BT, and the washer WS.

Further, the wiring substrate CB1 has a through hole
(second through hole) TH penetrating from the upper sur-
face CBaa of the msulation layer IL.2a including the wiring
layer WL1 formed therein toward the lower surface CBbb of
the msulation layer 1125 including the wiring layer W14
formed therein, and a through electrode TE formed in the
inside of the through hole TH. The through electrode TE 1s
formed by filling the through hole TH with a conductive
paste CP. Further, at the mner circumiferential wall of the

through hole TH, a through hole plating TP 1s formed. A
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plurality of through holes TH and through electrodes TE are
formed along the outer circumierence of the through hole
HC formed at the circumierential part of the wiring substrate
CB1 (in such a manner as to surround the through hole HC).
The through hole TH and the through electrode TE penetrate

through respective parts of the heat radiation patterns CD1,
CD2, CD3, and CD4, and are electrically coupled via the

through hole plating TP with the heat radiation patterns
CD1, CD2, CD3, and CD4.

Further, over the upper surface CBaa of the insulation
layer IL2a, an insulation layer (resist layer) I1L3a 1s formed
in such a manner as to cover the heat radiation pattern CD1.
Over the lower surface CBbb of the insulation layer 1L25, an
insulation layer (resist layer) IL3b 1s formed in such a
manner as to cover the heat radiation pattern CD4. The
insulation layers IL3a and ILL3b are each a solder resist
formed of an epoxy type or polyimide type thermosetting
resin. Each film thickness of the msulation layers 11.3a and
IL.35 1s, for example, 30 um.

Then, a description will be given to the fixed structure of
the wiring substrate CB1 to the housing HS 1n the electronic
device EDI1. Incidentally, the structure shown i FIG. 11
shows the fixed structure of the part C of the wiring substrate
CB1 in the through hole HC shown in FIG. 9.

As shown 1n FIG. 11, the wiring substrate CB1 1s fixed to
the projection BS by screwing of the screw BT 1nserted 1nto
the through hole HC via the washer WS 1nto the screw hole
SH formed 1n the projection BS of the main body part 15. At
this step, at the peripheral part of the through hole HC, the
back surface CBb of the wiring substrate CB1 and the
projection BS come 1n contact with each other. As a result,
the wiring substrate CB1 1s supported by the main body part
15.

Further, as described previously, the semiconductor
device PKG1 forming the power MOSFET 15 and the
power MOSFET 136 i1s arranged on the back surface CBb
side of the wiring substrate CB1. Still further, as described
previously, at the wiring layer WL3, the ground pattern
CDgl 1s formed. Whereas, at the wiring layer WL4, a heat
radiation pattern CDhl 1s formed. As shown i FIG. 11, 1n
the present First Embodiment, in the thickness dlrectlon of
the wiring substrate CB1, the semiconductor device PKG1
and the ground pattern CDgl overlap each other. Further, 1n
the thickness direction of the wiring substrate CB1, the
ground pattern CDgl and the heat radiation pattern CDhl
overlap each other. Whereas, in the thickness direction of the
wiring substrate CB1, the heat radiation pattern CDhl and
the projection BS formed at the main body part 15 overlap
cach other. Namely, the heat radiation pattern CDhl over-
laps the region where the back surface CBb of the wiring
substrate CB1 and the projection BS (housing HS) are 1n
contact with each other. Herein, the region where the ground
pattern CDgl and the heat radiation pattern CDhl overlap
cach other 1s expressed as an overlap part OVPla, and the
region where the heat radiation pattern CDhl and the
projection BS overlap each other 1s expressed as an overlap
part OVP1b. As described previously, the ground pattern
CDgl and the heat radiation pattern CDhl are not electri-
cally coupled with each other. Incidentally, at the wiring
substrate CB1 of First Embodiment, the ground pattern
CDgl 1s not electrically coupled with the projection BS
(housing HS) of the main body part 15, the screw BT, and
the washer WS. Similarly, the heat radiation pattern CDh1 1s
not electrically coupled with the projection BS (housing HS)
of the main body part 15, the screw BT, and the washer WS.

Further, as shown in FIG. 11, in the thickness direction of
the wiring substrate CB1, the heat radiation pattern CD4 and
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the projection BS formed at the main body part 15 overlap
cach other. Namely, the heat radiation pattern CD4 overlaps
the region where the back surface CBb of the wiring
substrate CB1 and the projection BS (housing HS) are 1n
contact with each other. As described previously, the heat
radiation pattern CD4 1s integrally formed with the heat
radiation pattern CDhl. For this reason, the overlap part
OVP15b shown in FIG. 11 also includes the region where the
heat radiation pattern CD4 and the projection BS overlap
cach other.

Then, each wiring layer of the wiring substrate CB1 will
be described 1n more details. First, the wiring layer WL1 of
the wiring substrate CB1 will be described. FIG. 12 1s a plan
view ol the wiring layer WL1 of the wiring substrate CB1
as seen from the front surface CBa side.

As shown 1n FIG. 12, at the wiring layer WL1 of the
wiring substrate CB1, the heat radiation patterns CD1 are
formed at four sites of the circumierential part of the wiring
substrate CB1. As described previously, the heat radiation
pattern CD1 1s formed 1n a ring shape along the outer
circumierence of the through hole HC (1n such a manner as
to surround the through hole HC). Further, a plurality of
through electrodes TE each penetrate through a part of the
heat radiation pattern CD1 along the thickness direction.
Further, at the wiring layer WL1 of the wiring substrate
CB1, a power type ground wiring pattern (conductor pattern
or conductive film) 18, and the control type ground wiring
pattern (conductor pattern or conductive film) 19 are formed.
The power type ground wiring pattern 18 and the control
type ground wiring pattern 19 are one-point coupled by the
zero &2 resistor 11. Incidentally, the power type ground
wiring pattern 18 1s coupled via a plurality of through
clectrodes 2i to the power type ground pattern (conductor
pattern or conductive film) CDgp forming the ground pattern
CDgl shown in FIG. 15. Whereas, the control type ground
wiring pattern 19 1s coupled via a plurality of through
clectrodes 2/ to the control type ground pattern (conductor
pattern or conductive film) CDgc forming the ground pattern
CDgl shown in FIG. 15. Further, as shown 1n FIG. 12, at the
circumierential part of the wiring substrate CB1, a coupling
through hole 2/ formed of an externally mputting coupling,
terminal NC, and a coupling through hole 2g formed of an
outputting coupling terminal OC to the motor 5 shown 1n
FIG. 6 are formed. Below, the foregoing through hole HC,
through electrode TE, through electrode 2i, through elec-
trode 2/, mputting coupling terminal NC, and outputting
coupling terminal OC penetrate from the front surface CBa
side to the back surface CBb side of the wiring substrate
CB1, and hence, are configurations common among the
wiring layers WL1, WL2, WL3, and WL4, and a description
for other wiring layers 1s omitted. Incidentally, in FIG. 12,
the MCU 7, the predriver 8, the regulator 9, and the zero £2
resistor 11 mounted at the front surface CBa at a layer higher
than the wiring layer WL1 of the wiring substrate CB1 are
indicated with a dashed line.

Incidentally, although not shown, at the wirning layer
WL1, a conductor pattern for wiring the MCU 7, the
predniver 8, the regulator 9, and the like mounted at the front
surface CBa of the wiring substrate CB1 1s formed.

Then, a description will be given to the wiring layer W14
of the wiring substrate CB1. FIGS. 13 and 14 are each a plan
view of the wiring layer WL4 of the wiring substrate CB1
as seen from the front surface CBa side.

As shown i FIG. 13, at the wiring layer WL4 of the
wiring substrate CB1, the heat radiation patterns CD4 are
formed at four sites of the circumierential part of the wiring
substrate CB1. As described previously, the heat radiation
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pattern CD4 1s formed i1n a ring shape along the outer
circumierence of the through hole HC (in such a manner as
to surround the through hole HC). Further, as shown 1n FIG.
13, at the wiring layer WL4 of the wiring substrate CB1, the
heat radiation patterns CDhl are formed at four site of the
circumierential part of the wiring substrate CB1. The heat
radiation pattern CDhl 1s formed 1n a ring shape 1n such a
manner as to expand radially and outwardly from the outer
circumierence edge of the heat radiation pattern CD4. As
shown in FIGS. 13 and 14, the heat radiation pattern CD4 of
the wiring layer WL4 1s formed 1n the same shape and with
the same dimensions as those of the heat radiation pattern
CD1 of the wiring layer WL1 (indicated with a broken line
in FIGS. 13 and 14). Further, the heat radiation pattern CDhl
1s 1ntegrally formed with the heat radiation pattern CD4.
Namely, the heat radiation pattern CD4 and the heat radia-
tion pattern CDhl are electrically coupled with each other.
Incidentally, the heat radiation pattern CDhl can also be
regarded as the extension of the heat radiation pattern CD4.
Further, the overall combination of the heat radiation pattern
CDhl and the heat radiation pattern CD4 can also be
regarded as the heat radiation pattern CDhl.

Incidentally, 1n FIG. 13, the semiconductor devices
PKG1, PKG2, and PK(G3, and the coil L mounted at the back
surface CBb at a lower layer than the wiring layer WL4 of
the wiring substrate CB1 are indicated with a dashed line.
Although not shown, at the wiring layer WL4, a conductor
pattern for wiring the semiconductor devices PKG1, PKG2,
and PKG3, the coil L, and the like mounted at the back
surface CBb of the wiring substrate CB1 1s formed.

Then, a description will be given to the wiring layer WL3
of the wiring substrate CB1. FIGS. 15 and 16 are each a plan
view of the wiring layer WL3 of the wiring substrate CB1
as seen Irom the front surface CBa side.

As shown 1n FIG. 15, at the wiring layer WL3 of the
wiring substrate CB1, the heat radiation patterns CD3 are
formed at four sites of the circumierential part of the wiring
substrate CB1. As described previously, the heat radiation
pattern CD3 1s formed 1n a ring shape along the outer
circumierence of the through hole HC (in such a manner as
to surround the through hole HC). As shown in FIGS. 15 and
16, the heat radiation pattern CD3 of the wiring layer WL3
1s formed 1n the same shape and with the same dimensions
as those of the heat radiation pattern CD4 of the wiring layer
WL4.

Further, at the wiring layer WL3, a ground pattern CDgl
1s formed entirely over the main surface of the wiring
substrate CB1 except for the region where the heat radiation
pattern CD3, the through hole HC, the through electrode TE,
the through electrode 2i, the through electrode 2j, the
inputting coupling termmal NC, and the outputting coupling
terminal OC are formed. Namely, the wiring layer WL3 1s a
ground plane for electric components mounted at the wiring
substrate CB1. The ground pattern CDg]1 1s formed entirely
over the main surface of the wiring substrate CB1 in order
to reduce the impedance. Further, the ground pattern CDgl
1s formed of a power type ground pattern CDgp and a control
type ground pattern CDgc. Further, the heat radiation pattern
CD3, the power type ground pattern CDgp, and the control
type ground pattern CDgc are not electrically coupled,
respectively.

Incidentally, 1n FIG. 135, the semiconductor devices
PKG1, PKG2, and PK(G3, and the coil L mounted at the back
surface CBb at a lower layer than the wirning layer WL4 of
the wiring substrate CB1 are indicated with a dashed line.
The semiconductor devices PKG1, PKG2, and PK(@G3, and

the coil L overlap the ground pattern CDgl 1n the thickness
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direction (plan view) of the wiring substrate CB1. Specifi-
cally, the semiconductor devices PKG1, PKG2, and PKG3,
and the coil L overlap the power type ground pattern CDgp
in the thickness direction (plan view) of the wiring substrate
CB1. Further, the semiconductor devices PKG1, PKG2, and
PKG3 are electrically coupled with the power type ground
pattern CDgp of the wiring layer WL3.

Further, in FIGS. 15 and 16, the heat radiation pattern
CDhl of the wiring layer WIL4 1s indicated with a broken
line. As shown in FIGS. 15 and 16, the heat radiation pattern
CDhl overlaps the ground pattern CDgl 1n the thickness
direction (plan view) of the wiring substrate CB1. Specifi-
cally, of the heat radiation patterns CDhl at the four sites,
the heat radiation patterns CDhl at the two sites on the left
side 1n FIG. 15 overlap the power type ground pattern CDgp,
and the heat radiation patterns CDhl at the two sites on the
right side 1n FIG. 15 overlap the control type ground pattern
CDgc. Herein, as described previously, at the wiring sub-
strate CB1 of First Embodiment, the region where the heat
radiation pattern CDhl and the power type ground pattern
CDgp overlap each other, namely, the overlap part OVPla
1s the region in a substantially C shape indicated with a
diagonally shaded part in FIG. 16.

Herein, 1n the electronic device ED1 of the present First
Embodiment, at the wiring layer WL3, the power type
ground pattern CDgp and the control type ground pattern
CDgc are 1solated from each other, and at the wiring layer
WL1, the power type ground wiring pattern 18 and the
control type ground wiring pattern 19 are one-point coupled
with each other by the zero €2 resistor 11. For this reason, the
power type ground and the control type ground are in high
impedance coupling. This can, for example, suppress the
propagation of the common-mode noise passing through the
power type ground wiring pattern 18 to the control type
ground wiring pattern 19, which can prevent the malfunction
ol a control type circuit.

Incidentally, although not shown, the wiring layer WL2 of
the wiring substrate CB1 of the present First Embodiment 1s
a power supply plane including a power supply pattern
(conductor pattern or conductive film) for supplying a power
supply to the electronic components mounted at the wiring
substrate CB1, formed therein.

<Description of Study Example>

The configuration of an electronic device of Study
Example studied by the present inventors will be described
by reference to FIGS. 17 and 18. FIG. 17 1s a partially
enlarged cross sectional view showing the fixed structure of
the wiring substrate 1n an electronic device ED101 of Study
Example 1. FIG. 18 1s a partially enlarged cross sectional
view showing the fixed structure of the wiring substrate in
an electronic device ED102 of Study Example 2.

As shown 1n FIG. 17, the electronic device ED101 of
Study Example 1 has a wiring substrate CB101 in which
clectronic components are mounted at the wiring substrate
(substrate), and a housing HS made of a metal for supporting
the wiring substrate CB101. Then, although not shown, a
motor 1s incorporated in the electronic device ED101 as with
the electronic device ED1 of First Embodiment. The wiring
substrate CB101 1s a substrate for supplying an electric
power to the motor, and controlling the motor. The circuit
configuration of the electronic device ED101 of Study
Example 1 1s the same as the circuit configuration of the
clectronic device ED1 of First Embodiment shown 1n FIG.
8.

Further, 1in the wiring substrate CB101 of Study Example
1, as with the wiring substrate CB1 of First Embodiment,
through holes HC are formed at four sites of the circumier-
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ential part of the wiring substrate CB101. For this reason, as
shown 1n FIG. 17, the wiring substrate CB101 1s fixed to the
projection BS (i.e., the housing HS) by screwing the screw
BT inserted via a washer WS 1nto the through hole HC to the
screw hole SH formed at the projection BS of the main body
part 1b.

Further, as shown in FIG. 17, the wiring substrate CB101
has, as with the wiring substrate CB1 of First Embodiment,
a front surface (first main surface or upper surface) CBa, a
back surface (second main surface or lower surface) CBb
opposite to the front surface CBa, and four wiring layers
WL1, WL2, WL3, and WL4 arranged between the front
surface CBa and the back surface CBb. Then, at the front
surface CBa of the wiring substrate CB101, as with the
wiring substrate CB1 of First Embodiment, a MCU 7, a
predriver 8, a regulator 9, a zero €2 resistor 11, and other
clements (not shown) are mounted. Further, a semiconductor
device PKG1 forming a power MOSFET 154 and a power
MOSFET 156 shown in FIG. 8 1s arranged on the back
surface CBb side of the wiring substrate CB101. Further, a
ground pattern CDgl 1s formed at the wiring layer WL3.

On the other hand, as shown in FIG. 17, the wiring
substrate CB101 of Study Example 1 does not have a heat
radiation pattern CDhl, heat radiation patterns CD1, CD2,
CD3, and CD4, and a through electrode TE as distinct from
the wiring substrate CB1 of First Embodiment shown in
FIG. 11.

In the electronic device ED101 of Study Example 1
shown 1n FIG. 17, when a current passes through the electric
component mounted at the wiring substrate CB101, heat 1s
generated. The electronic component 1s degraded by the
heat, resulting in a shorter life. For this reason, it becomes
necessary to release the heat generated from the electronic
component mounted at the wiring substrate CB101. Particu-
larly, 1n the electronic device ED101 of Study Example 1,
the power MOSFETs 134, 1556, and the like (see FIG. 8)
mounted at the wiring substrate CB101 form a power type
circuit configuration part 16 (more specifically, an inverter
circuit 14). For this reason, a large current passes through the
semiconductor device PKG1 forming the power MOSFETs
15a and 135, the semiconductor device PKG2 forming the
power MOSFETs 15¢ and 154, and the semiconductor
device PKG3 forming the power MOSFETs 15¢ and 15f.
Further, similarly, a large current also passes through the coil
L. forming the power type circuit configuration part 16. For
this reason, the semiconductor devices PKG1, PKG2, and
PKG3, and the coill L produce a ligh heat value during
operation. Therefore, in the electronic device ED101 of
Study Example 1, the semiconductor devices PKG1, PKG?2,
and PKG3, and the coil L become the main heat sources.

Herein, the housing HS forming the electronic device
ED101 of Study Example 1 1s made of a metal, and hence
acts as a heat sink. For this reason, in the electronic device
ED101 of Study Example 1, desirably, the heat of the
semiconductor devices PKG1, PKG2, and PKG3, and the
coil L 1s released to the housing HS, thereby to reduce the
temperatures of the semiconductor devices PKG1, PKG2,
and PKG3, and the coil L with efliciency.

As shown i FIG. 17, the wiring substrate CB101 of Study
Example 1 has only four contact sites between the wiring
substrate CB101 and the housing HS 1n the vicinity of each
through hole HC. The through holes HC are formed at the
circumierential part of the wiring substrate CB101, and
hence are at a long distance from the elements such as
semiconductor devices PKG1, PKG2, and PKG3, and the
coil L. For this reason, 1n the electronic device ED101 of
Study Example 1, the efliciency of heat conduction, namely,
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the heat radiation efliciency from the semiconductor devices
PKG1, PKG2, and PKG3, the coil L, and the like to the
housing HS 1s low. For this reason, the heat generated from
the semiconductor devices PKG1, PKG2, and PKG3, the
coll L, and the like 1s enclosed in the wiring substrate
CB101. This may deteriorate the electronic components
mounted at the wiring substrate CB101, resulting in the
instability of the performances of the electronic device
ED101. As a result, the reliability of the electronic device
ED101 may be reduced.

Then, a description will be given to an electronic device
ED102 of Study Example 2 shown in FIG. 18. In the
clectronic device ED102 of Study Example 2, the following
configuration 1s added to that of the electronic device ED101
of Study Example 1. As shown 1n FIG. 18, the electronic
device ED102 of Study Example 2 has a heat radiation
material TM on the front surface CBa side of the wiring
substrate CB102. The heat radiation material TM 1s inter-
posed between the wiring substrate CB102 and the cover 1a
arranged at the top of the main body part 15. The heat
radiation material TM 1s formed of a TIM (Thermal Inter-
tace Material) made of a resin with a high thermal conduc-
tivity. As shown 1n FIG. 18, the heat radiation material TM
1s arranged at a position overlapping the semiconductor
device PKG1 arranged on the back surface CBb side of the
wiring substrate CB102 in the thickness direction of the
wiring substrate CB102.

Further, a heat radiation pattern (conductor pattern or
conductive film) CDh102a 1s formed at the wiring layer
WL1; and a heat radiation pattern (conductor pattern or
conductive film) CDh1025b, at the wiring layer WL4. The
heat radiation pattern CDh102a 1s formed at a position
overlapping the semiconductor device PKG1 in the thick-
ness direction of the wiring substrate CB102; and the heat
radiation pattern CDh102b, at a position overlapping the
heat radiation material TM 1n the thickness direction of the
wiring substrate CB102. Further, through electrodes TEa
and TEb penetrating from the upper surface CBaa of the
insulation layer IL2aq including the wiring layer WL1
formed therein toward the lower surface CBbb of the
insulation layer IL26 including the wiring layer WL4
formed therein are formed. The heat radiation pattern
CDh102a and the heat radiation pattern CDh1025 are elec-
trically coupled with each other via the through electrodes
TEa and TEb.

Namely, in the electronic device ED102 of Study
Example 2, the semiconductor device PKG1 and the heat
radiation pattern CDh1025b, and the heat radiation pattern
CDh102a and the heat radiation material TM overlap each
other, respectively 1n the thickness direction of the wiring
substrate CB102, and the heat radiation pattern CDh102a
and the heat radiation pattern CDh1025 are coupled by the
through electrodes TEa and TEb. Incidentally, although not
shown, the wiring substrate CB102 of Study Example 2 has,
for the semiconductor devices PKG2 and PKG3, heat radia-
tion patterns, through electrodes, and a heat radiation mate-
rial with the same configurations as those of the heat
radiation patterns CDh102q¢ and CDh102b, the through
electrodes TFa and TEb, and the heat radiation material TM
for the semiconductor device PKG1.

In the electronic device ED102 of Study Example 2, the
heat generated from the semiconductor device PKG1 1s
transmitted via the insulation layer 1135 to the heat radiation
pattern CDh102b. Then, the heat transmitted to the heat
radiation pattern CDh1026 1s transmitted via the through
clectrodes TEa and TEb to the heat radiation pattern
CDh102a. Then, the heat transmitted to the heat radiation
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pattern CDh102a 1s transmitted via the insulation layer IL3a
to the heat radiation material TM. The heat transmaitted to the
heat radiation material TM 1s transmitted to the cover 1a
made of a metal, and diffuses to the entire housing HS
including the main body part 16 arranged at the underlying
part of the cover 1a. The foregoing heat radiation path 1s
indicated with arrows 1n FIG. 18. Further, as described
previously, the electronic device ED102 of Study Example
2 has, for the semiconductor devices PK(G2 and PKG3, heat
radiation pattern, through electrodes, and a heat radiation
material with the same configurations as those of the heat
radiation patterns CDh102q¢ and CDh1025b, the through
electrodes TEa and TEb, and the heat radiation material TM.
For this reason, the heat generated from the semiconductor
devices PKG2 and PKG3 also diffuses, as with the foregoing
description, via the heat radiation patterns, the through
electrodes, and the heat radiation material to the entire
housing HS.

From the description up to this point, with the electronic
device ED102 of Study Example 2, the heat generated from
the semiconductor devices PKG1, PKG2, and PKG3 can be
released to the housing HS with efliciency, resulting 1n the
reduction of the temperatures of the semiconductor devices
PKG1, PKG2, and PKG3.

Herein, a description will be given to the problem for
Study Example 2 found by the present inventors. First,
principally, for the electronic device ED102 of the Study
Example 2, an increase 1n manufacturing cost 1s expected as
much as the cost required for the heat radiation material TM
as compared with the electronic device ED101 of Study
Example 1.

Secondly, the heat radiation material TM 1s required to be
brought into contact (pressing contact) with the wiring
substrate CB102. For this reason, at the front surtace CBa of
the wiring substrate CB102, other electronic components
than the heat radiation material TM cannot be arranged in
the region where the heat radiation material TM 1s arranged.
When the electronic components cannot be arranged 1n the
region where the heat radiation material TM 1s arranged, the
layout on the front surface CBa side of the wiring substrate
CB102 1s restricted, and hence the design of the electronic
device ED102 becomes difficult. Further, the fact that the
clectronic components cannot be arranged in the region
where the heat radiation material TM 1s arranged 1s disad-
vantageous for mimaturization of the electronic device
ED102.

Thirdly, for the electronic device ED102 of Study
Example 2, in order to allow the heat radiation effect by the
heat radiation material TM to be exerted, the heat radiation
material TM 1s required to be brought into contact (pressing
contact) with the wiring substrate CB102. For this reason,
for example, the semiconductor device PK(G1 1s arranged on
the front surface CBa side of the wiring substrate CB102,
and the heat radiation material TM 1s arranged between the
semiconductor device PK(G1 and the cover 1a. As a result,
the heat radiation material TM 1mposes a load on the
semiconductor device PKG1, which deteriorates the reli-
ability of the semiconductor device PK(G1. This imposes a
restriction on the electronic device ED102 of Study Example
2 that the semiconductor device PK(G1 must be arranged on
the back surface CBb side of the wiring substrate CB102.

This problem also present similarly for the semiconductor
devices PKG2 and PKG3.

From the description up to this point, for the electronic
device ED102 of Study Example 2, desirably, without using
the heat radiation material TM, the heat generated at the
semiconductor devices PKG1, PKG2, and PKG3, and the
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like 1s released to the housing HS with efliciency, thereby to
reduce the temperatures of the electronic components
mounted at the wiring substrate CB102 including the semi-
conductor devices PKG1, PKG2, and PKG3.

<Main Features of Embodiments>

As shown 1n FIGS. 11 to 16, one of the main features of
the electronic device ED1 of the present First Embodiment
1s as follows: the heat radiation pattern CDh1 1s formed at
the wiring layer WL4, and in the thickness direction of the
wiring substrate CB1, the heat radiation pattern CDhl
overlaps the ground pattern CDgl, and the heat radiation
pattern CDhl overlaps the projection BS (1.e., the region
where the back surtace CBb of the wiring substrate CB1 and
the housing HS are 1n contact with each other) formed at the
main body part 15. In the present embodiment, by adopting
such a configuration, 1t 1s possible to improve the reliability
of the electronic device. Below, the reason will be specifi-
cally described.

As shown 1n FIG. 11, for the wiring substrate CB1 of the
present First Embodiment, 1n the thickness direction of the
wiring substrate CB1, the semiconductor device PKG1 and
the ground pattern CDg1 overlap each other. More specifi-
cally, 1n the thickness direction of the wiring substrate CB1,
the semiconductor device PKG1 and the power type ground
pattern CDgp overlap each other. Further, in the thickness
direction of the wiring substrate CB1, the ground pattern
CDgl and the heat radiation pattern CDhl overlap each
other. Still further, 1n the thickness direction of the wiring
substrate CB1, the heat radiation pattern CDhl and the
projection BS formed at the main body part 15 overlap each
other. Namely, the heat radiation pattern CDh1 overlaps the
region where the back surface CBb of the wiring substrate
CB1 and the projection BS (housing HS) are 1n contact with
cach other. A conductor has a higher thermal conductivity
than that of an insulator. For this reason, when conductive
films (heat radiation patterns or ground patterns) overlap
each other 1n the thickness direction, the thermal conduc-
tivity between the conductive films increases.

As shown 1n FIG. 11, for the electronic device ED1 of the
present First Embodiment, the heat generated from the
semiconductor device PK(G1 1s transmitted via the msulation
layer 1L.35» and the insulation layer 1L.26 to the ground
pattern CDgl. Then, the heat transmitted to the ground
pattern CDgl diffuses ito the ground pattern CDgl, and 1s
transmitted to the heat radiation pattern CDhl overlapping
the ground pattern CDgl 1n the thickness direction of the
wiring substrate CB1 via the insulation layer 1125 (overlap
part OVP1a). Then, the heat transmitted to the heat radiation
pattern CDh1 diffuses into the heat radiation pattern CDhl.
Herein, the heat radiation pattern CDh1 overlaps the region
where the back surface CBb of the wiring substrate CB1 and
the projection BS are 1n contact with each other. Namely, the
heat radiation pattern CDhl 1s 1n the proximity of the
projection BS of a conductor. For this reason, a heat 1s
transmitted to the projection BS of the main body part 15
overlapping the heat radiation pattern CDh1 1n the thickness
direction of the wiring substrate CB1 via the msulation layer
IL35 (overlap part OVP1b). The heat transmitted to the
projection BS of the main body part 15 diffuses to the entire
housing HS including the main body part 15. The foregoing
heat radiation path 1s indicated with arrows in FIG. 11.

Further, as described previously, in the electronic device
ED1 of the present First Embodiment, other electronic
components including the semiconductor devices PKG2 and
PKG3, and the coi1l L also overlap the ground pattern CDg1
in the thickness direction of the wiring substrate CB1 (plan
view). For this reason, the heat generated from the semi-
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conductor devices PKG2 and PK(G3, the coil L, and the like
also difluses to the entire housing HS via the ground pattern
CDgl, the heat radiation pattern CDh1, and the projection 1n
the same manner as described above.

Incidentally, as shown in FIG. 15, the ground pattern
CDgl 1s formed of a power type ground pattern CDgp and
a control type ground pattern CDgc. The semiconductor
devices PKG1, PKG2, and PKG3, and the coil L overlap the
power type ground pattern CDgp 1n the thickness direction
of the wiring substrate CB1 (plan view). For this reason, the
heat generated from the semiconductor device PKG1, and
the like 1s, first, transmitted to the power type ground pattern
CDgp. The heat transmitted from the semiconductor device
PKG1, and the like to the power type ground pattern CDgp
1s also transmitted to the near control type ground pattern
CDgc. Thus, the heat 1s transmitted to the heat radiation
patterns CDhl at two sites overlapping the power type
ground pattern CDgp, and the heat radiation patterns CDhl
at two sites overlapping the control type ground patterns
CDgc 1n the thickness direction of the wiring substrate CB1.
Then, the heat transmitted to the heat radiation patterns
CDhl1 1s transmitted to the projection BS of the main body
part 15 overlapping the heat radiation patterns CDhl in the
thickness direction of the wiring substrate CB1 via the
insulation layer I1L.35. The heat transmitted to the projection
BS of the main body part 15 diffuses to the entire housing
HS including the main body part 15.

From the description up to this point, in the electronic
device ED1 of the present First Embodiment, as shown 1n
FIGS. 11 to 16, 1n the thickness direction of the wiring
substrate CB1, the heat radiation pattern CDh1 overlaps the
ground pattern CDgl, and the heat radiation pattern CDhl
also overlaps the projection BS formed at the main body part
15 (1.e., the region where the back surface CBb of the wiring
substrate CB1 and the housing HS are in contact with each
other). For this reason, without using the heat radiation
material TM as with the electronic device ED102 of Study
Example 2, the heat generated from the semiconductor
devices PKG1, PKG2, and PKG3, the coil L, and the like
can be released with efliciency via the ground pattern CDgl
and the heat radiation pattern CDhl to the housing HS,
thereby to reduce the temperatures of the electronic com-
ponents mounted at the wiring substrate CB1 including the
semiconductor devices PKG1, PKG2, and PKG3, and the
coil L. As a result, 1t 1s possible to prevent the deterioration
of the electronic components mounted at the wiring sub-
strate CB1, and to stabilize the performances of the elec-
tronic device ED1. In addition, 1t 1s possible to improve the
reliability of the electronic device EDI.

Then, 1n the electronic device ED1 of First Embodiment,
the heat radiation material TM 1s not required to be used as
with Study Example 2. For this reason, first, the manufac-
turing cost can be reduced. Secondly, other electronic com-
ponents than the heat radiation material TM can be arranged
in the region where the heat radiation material TM was
arranged 1n Study Example 2. Thirdly, the semiconductor

devices PKG1, PKG2, and PKG3 can be arranged at either
ol the front surface CBa side and the back surface CBb side
of the wiring substrate CB1.

Incidentally, i1t can also be considered that, at the wiring
layer WL4, the heat radiation pattern CDhl 1s provided 1n
such a manner as to overlap the electronic components such
as the semiconductor device PKG1. However, the heat
radiation pattern CDhl 1s a conductor pattern not to be
clectrically coupled with the electronic components such as
the semiconductor device PKG1. For this reason, a conduc-
tor pattern to be coupled with electronic components 1s
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required to be formed under the electronic components such
as the semiconductor device PKG1. Therefore, when the
heat radiation pattern CDh1 1s provided 1n such a manner as
to overlap the electronic component such as the semicon-
ductor device PKG1, it becomes impossible to form a
coupling conductor pattern under the electronic component.
As a result, 1t becomes difficult to establish a connection
with electronic components such as the semiconductor
device PKG1. This 1s disadvantageous for miniaturization of
the electronic device EDI1. Incidentally, when the wiring
substrate CB1 1s incorporated with the motor 5 in the
housing HS as 1n the electronic device ED1 of present First
Embodiment, the size of the wiring substrate CB1 depends
upon the size of the motor 5. For this reason, an increase in
s1ze of the wiring substrate CB1 1tself 1s diflicult.

In contrast, at the wiring substrate CB1 of the present First
Embodiment, the heat radiation pattern CDh1 1s formed only
at the periphery of the through hole HC of the circumfier-
ential part of the wiring substrate CB1. The periphery of the
through hole HC 1s the region where the electronic compo-
nents such as the semiconductor device PKG1 are not
arranged. For this reason, a coupling conductor pattern can
be formed under the electronic components. As a result,
without increasing the size of the wiring substrate CB1,
connection with the electronic components such as the
semiconductor device PKG1 can be properly performed.

Then, at the wiring substrate CB1 of the present First
Embodiment, as described previously, the ground pattern
CDgl formed at the wiring layer WL3 1s interposed at the
heat radiation path from the semiconductor device PKGl1,
and the like to the heat radiation pattern CDhl. As a resullt,
without proving the heat radiation pattern CDhl in such a
manner as to overlap the semiconductor device PKG1 at the
wiring layer WL4, the heat generated at the semiconductor
device PK(G1 and the like can be released to the housing HS.

Alternatively, 1t can also be considered that, at the wiring
layer WL3 and the wiring layer WL4, the ground pattern
CDgl and the heat radiation pattern CDhl are electrically
coupled with each other via a via wire, or the like. However,
when the wiring substrate CB1 1s fixed to the projection BS,
the screw BT may cut the inner circumiferential surface of
the through hole HC, thereby to expose the heat radiation
patterns CD1 to CD4. Further, when the wiring substrate
CBl1 1s fixed to the projection BS, the msulation layer 1L.3a
may be cut by a washer WS, thereby to expose the heat
radiation pattern CD1. Similarly, when the wiring substrate
CB1 1s fixed to the projection BS, the msulation layer 1L.35
may be cut by the projection BS, thereby to expose the heat
radiation pattern CD4. When the exposed heat radiation
patterns CD1 to CD3 are in contact with the washer WS or
the screw BT, the heat radiation patterns CD1 to CD3 are
clectrically coupled via the washer WS or the screw BT with
the housing HS. The exposed heat radiation pattern CD4 1s
clectrically coupled directly with the housing HS. Onigi-
nally, the heat radiation patterns CD1 to CD4 and the heat
radiation pattern CDhl have been electrically coupled with
cach other. Herein, as described previously, when the ground
pattern CDgl and the heat radiation pattern CDhl are
clectrically coupled with each other, an external noise may
propagate from the housing HS to the ground pattern CDgl,
resulting in the occurrence of a malfunction of the control
type circuit.

In contrast, 1n the wiring substrate CB1 of the present
First Embodiment, the heat radiation pattern CDh1l and the
ground pattern CDgl are not electrically coupled with each
other. For this reason, when the wiring substrate CB1 1s fixed
to the projection BS, as described previously, even i1 the heat
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radiation patterns CD1 to CD4 are exposed, and the housing
HS and the heat radiation pattern CDhl are electrically
coupled with each other, the heat radiation pattern CDh1 and
the ground pattern CDgl are not electrically coupled with
cach other. Therefore, 1t 1s possible to prevent the maliunc-
tion of the control type circuit resulting from the propagation
of an external noise from the housing HS wvia the heat
radiation pattern CDhl to the ground pattern CDgl.
Further, when the ground pattern CDgl 1s provided at the
wiring layer WL3 1n such a manner as to overlap the
projection BS of the main body part 156 (1.¢., the region of the
housing HS where the back surface CBb of the wiring
substrate CB1 and the housing HS are in contact with each
other) without providing the heat radiation pattern CDh1 at
the wiring layer WL3, the insulation layer 1L26 and the
insulation layer I1L.35 are present between the ground pattern
CDgl and the projection BS. For this reason, the thermal

conductivity from the ground pattern CDg]1 to the projection
BS 15 low.

In contrast, at the wiring substrate CB1 of the present First
Embodiment, the heat radiation pattern CDhl 1s formed at
the wiring layer WL4. For this reason, the insulation layer
present between the heat radiation pattern CDhl and the
projection BS can be minimized (only the insulation layer
I1.35), so that the efliciency of the thermal conductivity from
the heat radiation pattern CDhl to the projection BS can be
enhanced.

Further, for the electronic device ED102 of Study
Example 2, 1n order to release the heat to the housing HS, the
heat radiation material TM, and the heat radiation patterns
CDh102a and CDh10256 and the through electrodes TEa and
TEDb for transmitting the heat to the heat radiation material

TM were necessary. In contrast, for the electronic device

ED1 of First Embodiment, in order to release the heat to the

housing HS, the heat radiation pattern CDhl and the ground
pattern CDgl are necessary. Of these, the ground pattern
CDgl 1s a ground pattern for electronic components
mounted at the wiring substrate CB1, and hence 1s not
required to be formed additionally. For this reason, with the
electronic device ED1 of First Embodiment, the manufac-
turing cost can be reduced as compared with the electronic
device ED102 of Study Example 2.

Further, the ground pattern CDgl 1s, as described previ-
ously, formed over the entire main surface of the wiring
substrate CB1 1n order to reduce the impedance. Namely, all
the regions where the semiconductor devices PKG1, PKG2,
and PKG3, and the coil L are arranged overlap the ground
pattern CDgl along the thickness direction of the wiring
substrate CB1. For this reason, 1t 1s possible to sufliciently
ensure the heat radiation path from the semiconductor
devices PKG1, PKG2, and PKG3, and the coil L to the

ground pattern CDgl. As a result, the heat generated from
the semiconductor devices PKG1, PKG2, and PKG3, and
the coil L can be transmitted to the ground pattern CDgl
with efliciency.

Further, the ground pattern CDgl 1s formed over the entire
main surface of the wiring substrate CB1. For this reason,
the heat generated from the electronic components other
than the semiconductor devices PKG1, PKG2, and PKG3,
and the coil L arranged on the back surface CBb side of the
wiring substrate CB1 1s also transmitted to the ground
pattern CDgl. Namely, for the electronic device ED1 of First
Embodiment, the heat generated from the electronic com-
ponents other than the semiconductor devices PKG1, PKG2,
and PKG3, and the coil L can also be released wr[h eili-
clency.
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Incidentally, for the wiring substrate CB1 of the present
First Embodiment, a description has been given by taking as
an example the case where the shapes of the heat radiation
patterns CD1, CD2, CD3, and CD4, and the heat radiation
pattern CDhl are each formed 1n a ring shape surrounding
the through hole HC. However, the present invention is not
limited thereto. However, the heat radiation pattern CD4 and
the heat radiation pattern CDh1 overlap the projection BS of
the main body part 15 (1.e., the region where the back surface
CBb of the wiring substrate CB1 and the housing HS are 1in
contact with each other) around the through hole HC into
which the screw BT 1s inserted. For this reason, when each
area of the heat radiation pattern CD4 and the heat radiation
pattern CDhl 1s set at a given area, the heat radiation
elliciency becomes maximum in the case where the heat
radiation pattern CD4 and the heat radiation pattern CDhl
are each 1n a ring shape centering around the through hole
HC. For this reason, the heat radiation pattern CD4 and the
heat radiation pattern CDh1 are preferably formed 1n a ring
shape surrounding the through hole HC. The heat radiation
patterns CD1, CD2, and CD3 overlapping the heat radiation
pattern CD4 are also similarly preferably formed 1n a ring
shape surrounding the through hole HC.

Further, for the wiring substrate CB1 of the present First
Embodiment, as the conductive film overlapping the semi-
conductor devices PKG1, PKG2, and PK(G3, and the coil L,
and the heat radiation pattern CDhl, the ground pattern
CDgl formed at the wiring layer WL3 was adopted. How-
ever, the present invention 1s not limited thereto. As
described previously, for the wiring substrate CB1 of the
present First Embodiment, a description has been given by
taking as an example the case where the wiring layer W12
1s a power supply plane, and the wiring layer WL3 1s a
ground plane. However, for example, when a power supply
pattern 1s formed at the wiring layer WL3, as the conductive
film overlapping the semiconductor devices PKG1, PKG2,
and PKG3, and the coil L, and the heat radiation pattern
CDhl, the power supply pattern formed at the wiring layer
WL3 can be adopted.

Further, for the wiring substrate CB1 of the present First
Embodiment, a description has been given by taking as an
example the case where the heat radiation pattern CDhl 1s
formed at the wirning layer WL4. However, the present
invention 1s not limited thereto. The heat radiation pattern
CDhl may also be formed at the wiring layer WL1 or the
wiring layer WL2. However, from the viewpoint of enhanc-
ing the heat radiation efliciency, the heat radiation pattern
CDhl1 1s preferably formed at the wiring layer WL4 closest
to the wiring layer WL3 1ncluding the ground pattern CDgl
formed thereover, and closest to the projection BS of the
main body part 156 (1.e., the region where the back surface
CBb of the wiring substrate CB1 and the housing HS are 1n
contact with each other). Particularly, the heat radiation
pattern CDhl1 1s formed at the wiring layer WL4. This case
1s also advantageous 1n that the insulation layer (core layer)
IL1 thicker, and having a lower thermal conductivity than
the msulation layer (prepreg layer) IL25b 1s not included at
the heat radiation path from the ground pattern CDg1 via the
heat radiation pattern CDhl to the housing HS.

Further, as described previously, for the electronic device
ED1 of the present First Embodiment, the semiconductor

devices PKG1, PKG2, and PKG3 can be arranged on either
of the front surface CBa side and the back surface CBb side
of the wiring substrate CB1. However, when the heat
radiation pattern CDhl 1s formed at the wiring layer WL4,
and the ground pattern CDg1 1s formed at the wiring layer

WL3, the semiconductor devices PKG1, PKG2, and PKG3
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are preferably arranged on the back surface CBb side of the
wiring substrate CB1 so as to minimize the heat radiation
path from the semiconductor device PKG1, and the like to
the housing HS. Particularly, the semiconductor devices
PKG1, PKG2, and PKG3 are arranged on the back surface
CBb side of the wiring substrate CB1. This case 1s also
advantageous 1n that the insulation layer (core layer) IL1
thicker, and having a lower thermal conductivity than the
insulation layer (prepreg layer) 1L.2b 1s not included at the
heat radiation path from the semiconductor device PKGl,
and the like to the ground pattern CDgl.

Further, the heat generated from the electronic compo-
nents mounted on the front surface CBa side of the wiring
substrate CB1, and the heat transmitted from the ground
pattern CDgl to the front surface CBa side of the wiring
substrate CB1 are also desirably released with efliciency. For
this reason, in addition to the heat radiation pattern CDhl
formed at the wirning layer WL4, a heat radiation pattern 1s
preferably formed at the wiring layer WL1 or the wiring
layer WL2. The heat radiation patterns are more preferably
formed at both of the wiring layers WL1 and WL2. With this
configuration, the heat generated from the electronic com-
ponents mounted on the front surface CBa side of the wiring
substrate CB1, and the heat transmitted from the ground
pattern CDgl to the front surface CBa side of the wiring
substrate CB1 can be released from the heat radiation
patterns formed at the wiring layers WL1 and WL2 via the
heat radiation patterns CD1, and CD2 and the through
clectrode TE to the projection BS of the main body part 15
(housing HS).

Then, a description will be given to other features of the
clectronic device ED1 of the present First Embodiment.

As shown 1n FIG. 11, for the wiring substrate CB1 of First
Embodiment, the heat radiation pattern CD1 1s formed at the
wiring layer WL1; the heat radiation pattern CD2, at the
wiring layer WL2; the heat radiation pattern CD3, at the
wiring layer WL3; and the heat radiation pattern CD4, at the
wiring layer WL4. The heat radiation patterns CD1, CD2,
CD3, and CD4 are each formed 1n a ring shape along the
outer circumierence of the through hole HC formed at the
circumierential part of the wiring substrate CB1 (in such a
manner as to surround the through hole HC). Namely, the
heat radiation patterns CD1, CD2, CD3, and CD4 are
arranged 1n proximity to the periphery of the screw BT
inserted into the through hole HC. Further, the heat radiation
patterns CD1, CD2, CD3, and CD4 overlap one another in
the thickness direction of the wiring substrate CB1. Still
turther, a plurality of through holes TH and through elec-
trodes TE are formed along the outer circumierence of the
through hole HC formed at the circumierential part of the
wiring substrate CB1 (in such a manner as to surround the
through hole HC). The through holes TH and the through
clectrodes TE penetrate through respective parts of the heat
radiation patterns CD1, CD2, CD3, and CD4, and are
clectrically coupled with the heat radiation patterns CD1,
CD2, CD3, and CDA4.

As shown 1in FIG. 11, for the electronic device ED1 of the
present First Embodiment, the heat generated from the
semiconductor device PKG1 i1s transmitted to the ground
pattern CDgl as described previously. Herein, the heat
transmitted to the ground pattern CDg1 may also be trans-
mitted to the msulation layer 11 1n contact with the ground
pattern CDg1, and the insulation layer 11.2a or the insulation
layer IL3a at a layer higher than the insulation layer IL1.
Further, the heat generated from the elements such as the
MCU 7, the predriver 8, the regulator 9, and the zero €2
resistor 11 arranged on the front surface CBa side of the
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wiring substrate CB1 shown in FIG. 12 may be transmitted
to the insulation films IL.3a, IL.2a, IL', and the like.

Herein, for the wiring substrate CB1 of the present First
Embodiment, the heat radiation patterns CD1, CD2, CD3,
and CD4 are formed at the wiring layers WL1, WL2, WL3,
and WL4, respectively. For this reason, the heat transmaitted
to respective msulation layers IL', I1.2a, and IL3a 1s trans-
mitted to the heat radiation patterns CD1, CD2, CD3, and
CD4. Then, the heat 1s transmitted to the through respective
clectrode TE penetrating through parts of the heat radiation
patterns CD1, CD2, CD3, and CD4. Herein, the heat radia-
tion patterns CD1, CD2, CD3, and CD4 overlap the projec-
tion BS of the main body part 15 1n the thickness direction
of the wiring substrate CB1. Particularly, the heat radiation
pattern CD4 1s closest to the projection BS. For this reason,
the heat transmitted to the through electrode TE 1s transmit-
ted from the heat radiation pattern CD4 to the projection BS.
The heat transmitted to the projection BS diffuses to the
entire housing HS including the main body part 15.

Further, the heat radiation patterns CD1, CD2, CD3, and
CD4, and the through electrode TE are arranged in proxim-
ity to the periphery of the screw BT mserted into the through
hole HC. For this reason, the heat transmitted to the heat
radiation patterns CD1, CD2, CD3, and CD4, and the
through electrode TE 1s transmitted via the insulation layers
IL1, I1.2a, 11.24, 11.3a, and I1.35 to the screw BT. The heat
transmitted to the screw BT diffuses to the entire housing HS
including the main body part 15.

From the description up to this point, the wiring substrate
CB1 of the present First Embodiment has the heat radiation
patterns CD1, CD2, CD3, and CD4, and the through elec-
trode TE. For this reason, the heat generated from the
clectronic components mounted at the wiring substrate CB1
in addition to the heat radiation path via the ground pattern
CDgl and the heat radiation pattern CDhl can be released
to the housing HS with efliciency, thereby to reduce the
temperatures of the electronic components. As a result, it 1s
possible to prevent the deterioration of the electronic com-
ponents, and to further stabilize the performances of the
clectronic device ED1. In addition, the rehability of the
clectronic device ED1 can be further improved.

Incidentally, a description has been given by taking as an
example the case where at the wiring substrate CB1 of the
present First Embodiment, the heat radiation patterns CD1,
CD2, CD3, and CD4, and the through electrode TE are
formed. However, the present invention 1s not limited
thereto. For example, the heat radiation patterns CD1, CD2,
CD3, and CD4 and the through electrode TE can also be
omitted 1f not required in manufacturing. However, as
described previously, when the heat radiation patterns CD1,
CD2, CD3, and CD4, and the through electrode TE are
formed 1n such a manner as to surround the through hole HC
into which the screw BT 1s arranged, the heat radiation path
by the heat radiation pattern CD1, and the like 1s formed. For
this reason, the formation of the heat radiation pattern CD1,
and the like at the wiring substrate CB1 can enhance the heat
radiation efliciency as compared with the case where the
heat radiation pattern CD1, and the like are not formed.

<Experimental Results>

Herein, 1in order to check the heat radiation eftects of the
clectronic device ED101 of Study Example 1, the electronic
device ED102 of Study Example 2, and the electronic device
ED1 of First Embodiment, the end-point temperature of
representative electronic component mounted at each wiring,
substrate was calculated by simulation.

FIG. 19 1s a graph showing the end-point temperature
with the temperature rise saturated in continuous operation
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of the capacitor C1, the coil L, the capacitor C2, the
semiconductor device PKG1, and the resistance R coupled

to the semiconductor device PKG1 mounted in each elec-
tronic device of Study Example 1, Study Example 2, and
First Embodiment. Incidentally, the resistance R shown 1n
FIG. 19 1s the resistance coupled between the source of the
power MOSFET 156 and ground shown m FIG. 8. The
voltage to be applied to the resistance R 1s detected by the
predriver 8 of the control type circuit configuration part 17,
and the voltage to be supplied to the motor 5 1s controlled.

As shown 1n FIG. 19, for the electronic device ED101 of
Study Example 1, with the temperature rise saturated 1n the
continuous operation, the temperatures of the capacitor C1,
the coil L, the capacitor C2, the semiconductor device
PKG1, and the resistance R were 137.3° C., 166.7° C.,
134.7° C., 153.6° C., and 138.3° C., respectively. For the
clectronic device ED101 of Study Example 1, as described
previously, a low heat radiation efliciency appears as the
result.

In contrast, as shown 1n FIG. 19, for the electronic device
ED102 of Study Example 2, with the temperature rise
saturated 1n continuous operation, the temperatures of the

capacitor C1, the coil L, the capacitor C2, the semiconductor
device PK(G1, and the resistance R were 125.8° C., 148.1°

C.,125.3°C., 133.0°C., and 135.8° C., respectively. For the
clectronic device ED102 of Study Example 2, the end-point
temperature of any electronic component was reduced as
compared with the electronic device ED102 of Study
Example 1. This can indicate that a suflicient heat radiation
ellect can be provided.

Then, as shown 1n FIG. 19, for the electronic device ED1
of the present First Embodiment with the temperature rise
saturated 1n continuous operation, the temperatures of the
capacitor C1, the coi1l L, the capacitor C2, the semiconductor
device PK(G1, and the resistance R were 127.4° C., 149.0°
C., 125.6° C.,, 137.6° C., and 140.3° C., respectively. Thus,
for the electronic device ED1 of First Embodiment, it has
been shown that the same heat radiation effect as that of the
clectronic device ED102 of Study Example 2 can be pro-
vided even without using the heat radiation material TM.

Incidentally, although not shown, for the electronic device
ED1 of First Embodiment, simulation 1s performed by
changing the area of the overlap part OVPla (the overlap-
ping region of the ground pattern CDgl and the heat
radiation pattern CDh1). This has resulted in that when the
area of the overlap part OVPla shown in FIG. 19 1s set at
30 mm? per heat radiation pattern CDh1 at one site of the
heat radiation patterns CDhl at four sites, the same heat
radiation eflect as that of the electronic device ED102 of
Study Example 2 can be provided. This result has indicated
that the area of the overlap part OVP1a is desirably 30 mm”~
or more. Conversely, when the heat radiation pattern CDhl
1s 1ncreased 1n size, and the area of the overlap part OVPla
is set at more than 30 mm?, the end-point temperature of
cach electronic component further decreases. Such an
embodiment as to increase the area of the overlap part
OVP1a will be described 1n details in the following Second
Embodiment.

Second Embodiment

Then, an electronic device of Second Embodiment will be
described. FIG. 20 1s a plan view showing a structure of a
fourth wiring layer of a wiring substrate of the electronic
device of Second Embodiment; FIG. 21 1s a partially
enlarged plan view showing a structure of a part F 1n FIG.
20; FIG. 22 1s a plan view showing a structure of a third
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wiring layer of a wiring substrate of the electronic device of
Second embodiment; and FIG. 23 1s a partially enlarged plan
view showing a structure of a part G in FIG. 22 on an
enlarged scale.

Although not shown, the electronic device ED2 of Second
Embodiment has a wiring substrate CB2 in which electronic
components are mounted at a wiring substrate (substrate).
Other configurations than that of the wiring substrate CB2
are the same as those of the electronic device ED1 of First
Embodiment. For this reason, the circuit configuration of the
clectronic device ED2 of Second E

Embodiment is the same as
the circuit configuration of the electronic device ED1 of
First Embodiment shown in FIG. 8. The diflerence between
the wiring substrate CB2 of Second Embodiment and the
wiring substrate CB1 of First Embodiment 1s 1n that the
wiring substrate CB2 has a heat radiation pattern (a con-
ductor pattern or a conductive film) CDh2 having a different
shape from that of the heat radiation pattern CDhl of First
Embodiment.

FIGS. 20 and 21 are each a plan view of the wiring layer
WL4 of the wiring substrate CB2 as seen from the front
surface CBa side. FIGS. 22 and 23 are each a plan view of
the wiring layer WL3 of the wiring substrate CB2 as seen
from the front surface CBa side.

As shown 1n FIGS. 20 and 21, at the wiring layer WL4 of
the wiring substrate CB2 of Second Embodiment, a heat
radiation pattern CDh2 extending along the outer circum-
ference of the wiring substrate CB2 1s formed. As shown 1n
FIG. 20, the heat radiation pattern CDh2 1s formed as one
coupled conductor pattern. For this reason, as shown 1n
FIGS. 22 and 23, the overlap part OVP2a of the ground
pattern CDgl and the heat radiation pattern CDh2 extends
along the outer circumierence of the wiring substrate CB2.

As described 1n the section of the experimental results, the
larger the area of the heat radiation pattern CDh2 1s, the
larger the area of the overlap part OVP2a of the heat
radiation pattern CDh2 and the ground pattern CDg1. Thus,
the heat transmitted from the semiconductor device PKG1 to
the ground pattern CDgl 1s transmitted to the heat radiation
pattern CDh2 with efliciency. For this reason, the larger the
area of the heat radiation pattern CDh2 1s, the higher the heat
radiation efliciency 1s. On the other hand, as described
previously, the wiring layver WL4 1s a wiring region for
clements such as the semiconductor device PKG1. For this
reason, when the area of the heat radiation pattern CDh2 1s
excessively increased, 1t becomes 1impossible to sufliciently
ensure the wiring region for elements such as the semicon-
ductor device PKG1.

For this reason, from the viewpoint of making compatible
the heat radiation efliciency and ensuring of the wiring
region, for the electronic device ED2 of Second Embodi-
ment, the heat radiation pattern CDh2 1s formed in the region
surrounded by the outer circumierence of the wiring sub-
strate CB2 and the outer circumierence of the wiring region,
of the region where the wires for elements such as the
semiconductor device PKG1 are not formed. The area of the
heat radiation pattern CDh2 thus formed is 589 mm?, and the
area of the overlap part OVP2a is 524 mm~. Therefore, the
clectronic device ED2 of Second Embodiment can provide
a higher heat radiation eflect than that of the electronic
device ED1 (the area of the overlap part OVP1a is 30 mm?)
of First Embodiment.

Further, the heat radiation pattern CDh2 of Second
Embodiment 1s formed as one coupled conductor pattern.
Particularly, the peripheries of the through holes HC (the
regions overlapping the projections BS of the main body
part 1b) at four sites formed at the wiring substrate CB2 are
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clectrically coupled by the heat radiation pattern CDh2. For
this reason, the heat transmitted from the semiconductor

device PK(G1, and the like via the ground pattern CDgl1 to
the heat radlatlon pattern CDh2 1s umiformly transmitted
from the periphery of each through hole HC to the projection
BS (housing HS). As a result, the electronic device ED2 of
Second Embodiment can provide a higher heat radiation
cllect than that of the electronic device ED1 of First
Embodiment.

From the description up to this point, when an importance
1s placed on the heat radiation efliciency, the configuration of
the wiring substrate CB2 of Second Embodiment is prefer-
ably adopted. On the other hand, when the wiring region 1s
still more ensured than that of the wiring substrate CB2
shown 1 FIG. 20, and an importance 1s placed on the
mounting efliciency of the semiconductor device and other
clectronic components, the configuration of the wiring sub-
strate CB1 of First Embodiment 1s preferably adopted.
Namely, as shown 1n FIG. 13, preferably, the heat radiation
pattern CDhl1 1s formed only at the periphery of the through
hole HC of the circumierential part of the wiring substrate
CB1, so that a suflicient heat radiation eflect can be exerted
while reducing the area of the heat radiation pattern CDhl.

Third Embodiment

Then, an electronic device of Third Embodiment will be
described. FIG. 24 1s a partially enlarged cross sectional
view showing a fixed structure of a wiring structure in the
clectronic device of Third Embodiment.

Although not shown, the electronic device ED3 of Third
Embodiment has a wiring substrate CB3 in which electronic
components are mounted at a wiring substrate (substrate).

Other configurations than that of the wiring substrate CB3
are the same as those of the electronic device ED1 of First

Embodiment. For this reason, the circuit configuration of the
electronic device ED3 of Third E

Embodiment 1s the same as
the circuit configuration of the electronic device ED1 of
First Embodiment shown in FIG. 8. The diflerence between
the wiring substrate CB3 of Third Embodiment and the
wiring substrate CB1 of First Embodiment 1s in that at the
periphery of the through hole HC, openings APa and APb
are formed at parts of the insulation layers IL.3a and 1135,
thereby to expose the heat radiation patterns CD1 and CD4
and the heat radiation pattern CDhl. As shown 1n FIG. 24,
the wiring substrate CB3 1s fixed to the projection BS (1 c.,

the housing HS) by screwing the screw BT inserted via a
washer (sheet conductive member) WS1 into the through
hole HC further into a screw hole SH formed at the projec-
tion BS of the main body part 15 via a washer (sheet
conductive member) WS2. The washers WS1 and WS2 are
cach made of a metal.

For this reason, the heat radiation pattern CD1 and the
washer WS1 are in contact with each other, and the heat
radiation pattern CD4 and the heat radiation pattern CDhl
and the washer WS2 are in contact with each other. The
washer WS1 1s 1n contact with the screw BT. The screw BT
1s electrically coupled with the housing HS via the projec-
tion BS. Further, as described previously, the heat radiation
patterns CD1, CD2, CD3, and CD4 are electrically coupled
via the through electrode TE. Further, the heat radiation
pattern CD4 and the heat radiation pattern CDhl are inte-
grally formed. As a result, for the electronic device ED3 of
Third Embodiment, the heat radiation pattern CDh1 and the
projection BS of the main body part 16 (housing HS) are
clectrically coupled with each other via the heat radiation

pattern CD4 and the washer WS2. Further, the heat radiation
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pattern CDh1 and the projection BS of the main body part
15 (housing HS) are electrically coupled with each other via
the heat radiation pattern CD4, the through electrode TE, the
heat radiation pattern CD1, the washer WS1, and the screw
BT.

As shown 1n FIG. 24, for the electronic device ED3 of
Third Embodiment, the steps until the heat generated from
the semiconductor device PKG1 1s transmitted via the
ground pattern CDgl to the heat radiation pattern CDhl and
the heat radiation pattern CD4 are the same as those for the

electronic device ED1 of First Embodiment. Herein, for the
Embodiment, the heat radia-

clectronic device ED3 of Third
tion pattern CDh1 and the heat radiation pattern CD4 are
clectrically coupled with the projection BS via the washer
WS2. For this reason, the heat transmitted to the heat
radiation pattern CDh1 and the heat radiation pattern CD4 1s
transmitted to the projection BS via the washer WS2. The
heat transmitted to the projection BS of the main body part
156 diffuses to the entire housing HS including the main body

part 15. The heat radiation path up to this point 1s indicated
with arrows in FIG. 24.

Further, as with First Embodiment and Second Embodi-
ment, for the electronic device ED3 of Third Embodiment,
other electronic components including the semiconductor
devices PKG2 and PKG3, and the coil L also overlap the
ground pattern CDg1 1n the thickness direction of the wiring
substrate CB3 (plan view). For this reason, the heat gener-
ated from the semiconductor devices PKG2 and PKG3, the
coil L, and the like also diffuses to the entire housing HS via
the ground pattern CDgl, the heat radiation pattern CDhl,
the heat radiation pattern CD4, the washer WS2, and the
projection BS as described above.

From the description up to this point, for the electronic
device ED3 of Third Embodiment, as shown 1n FIG. 24, the
heat radiation pattern CDhl1 1s electrically coupled with the
projection BS via the washer WS2. For this reason, the heat
transmitted to the heat radiation pattern CDh1 1s transmitted
to the projection BS via the washer WS2 of a conductor.
Accordingly, with the electronic device ED3 of Third
Embodiment, as compared with the electronic device ED1
of First Embodiment 1n which the nsulation layer 1135 1s
present between the heat radiation pattern CDhl and the
projection BS, the heat generated from the semiconductor
devices PKG1, PKG2, and PKG3, the coil L, and the like
can be released to the housing HS with more ethiciency.

Further, for the electronic device ED3 of Third Embodi-
ment, as shown 1n FIG. 24, the heat radiation patterns CD1,
CD2, CD3, and CD4 and the through eclectrode TE are
clectrically coupled with the screw BT via the washer WS1.
For this reason, the heat transmitted to the heat radiation
patterns CD1, CD2, CD3, and CD4, and the through elec-
trode TE 1s transmitted to the screw BT via the washer WS1
of a conductor. The heat transmitted to the screw BT difluses
to the entire housing HS including the main body part 1.

From the description up to this point, for the electronic
device ED3 of Third Embodiment, the heat generated from
the semiconductor devices PKG1, PKG2, and PKG3, the
coil L, and the like can be released to the housing HS with
more efliciency as compared with the electronic device ED1

of First Embodiment 1n which respective insulation layers
IL1, IL2a, IL2b, IL.3a, and 1136 are present between the heat

radiation patterns CD1, CD2, CD3, and CD4 and the
through electrode TE and the screw BT, respectively.
However, for the electronic device ED3 of Third Embodi-
ment, the housing HS and the heat radiation pattern CDhl
are electrically coupled with each other. For this reason, an
external noise may propagate from the housing HS to the
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heat radiation pattern CDhl. For the electronic device ED3
of Third Embodiment, as with the electronic device ED1 of
First Embodiment, the heat radiation pattern CDh1 and the
ground pattern CDg1 are not electrically coupled with each
other. For this reason, an external noise less possibly propa-
gates directly from the heat radiation pattern CDhl to the
ground pattern CDgl. However, the heat radiation pattern
CDh1 and the ground pattern CDgl overlap each other in the
thickness direction of the wiring substrate CB3. For this
reason, the control type circuit coupled with the ground
pattern CDgl may be adversely aflected by an external
noise.

On the other hand, for the electronic device ED1 of First
Embodiment, the heat radiation pattern CDhl, the heat
radiation patterns CD1, CD2, CD3, and CD4, and the
through electrode TE are not electrically coupled with the
housing HS and the screw BT. For this reason, an external
noise less possibly propagates from the housing HS to the
heat radiation pattern CDhl. Accordingly, an external noise
much less possibly propagates from the housing HS via the
heat radiation pattern CDhl to the ground pattern CDgl.
This can prevent the control type circuit coupled with the
ground pattern CDgl from being adversely aflected by an
external noise.

From the description up to this point, when an importance
1s placed on the nose resistance, the configuration of the
clectronic device ED1 of First Embodiment 1s preferably
adopted. On the other hand, when an 1importance 1s placed on
the heat radiation efliciency, as described previously, the
clectronic device ED3 of Third Embodiment 1s preferably
adopted.

Incidentally, for the wiring substrate CB3 of the present
Third Embodiment, a description has been given by taking
as an example the case where around the through hole HC,
openings APa and APb are formed at respective parts of the
isulation layers 1L.3a and IL3b, respectively, thereby to
expose the heat radiation patterns CD1 and CD4, and the
heat radiation pattern CDh1. However, the present invention
1s not limited thereto. The heat radiation patterns CD1, CD?2,
CD3, and CD4 and the heat radiation pattern CDhl are
clectrically coupled by the through electrode TE. For this
reason, when any one of the heat radiation pattern CD1 or
the heat radiation pattern CD4 (heat radiation pattern CDh1)
1s exposed, the heat transmitted to the heat radiation pattern
CDh1 1s transmitted via the washer WS2 or the washer W51
and screw BT to the projection BS (housing HS). Therefore,
the opening formed around the through hole HC may be only
any one ol the openings APa and APb.

However, the heat radiation patterns CD4 and CDh1 close
to the projection BS are exposed, and the heat radiation path
from the heat radiation patterns CD4 and CDhl wvia the
washer WS2 to the housing HS 1s formed. This configuration
provides a higher heat radiation efliciency than the configu-
ration 1n which the heat radiation pattern CD1 distant from
the projection BS 1s exposed, and the heat radiation path
from the heat radiation pattern CD1 through the through
clectrode TE to the housing HS via the washer WS1 and the
screw BT 1s formed. For this reason, from the viewpoint of
enhancing the heat radiation efliciency, preferably, at least
the opening APb 1s formed, and the heat radiation pattern
CD4 and the heat radiation pattern CDhl are exposed.

Further, when both of the openings APa and APb are
formed, and both of the heat radiation pattern CD1, and the
heat radiation pattern CD4 and the heat radiation pattern
CDhl are exposed, in addition to the heat radiation path
from the heat radiation pattern CD4 and the heat radiation
pattern CDhl via the washer WS2 to the housing HS, the
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heat radiation path to the housing HS through the through
clectrode TE from the heat radiation pattern CD1 wvia the

washer WS1 and the screw BT 1s formed. For this reason,
from the viewpoint ol enhancing the heat radiation efth-
ciency, more preferably, both of the openings APa and APb
are formed, and both of the heat radiation pattern CD1, and
the heat radiation pattern CD4 and the heat radiation pattern
CDhl are exposed.

Further, for the wiring substrate CB3 of the present Third
Embodiment, a description has been given by taking as an
example the case where the heat radiation patterns CD1,
CD2, CD3, and CD4 and the through electrode TE are
formed. However, the present mvention 1s not limited
thereto. For example, the heat radiation patterns CD1, CD2,
CD3, and CD4, and the through electrode TE can be omitted
i not required 1n manufacturing. However, as described
previously, when the heat radiation patterns CD1, CD2,
CD3, and CD4 and the through electrode TE are formed at
the wiring substrate CB3, a heat radiation path by the heat
radiation pattern CD1, and the like 1s formed. For this
reason, the formation of the heat radiation pattern CD1, and
the like at the wiring substrate CB3 can enhance the heat
radiation efliciency as compared with the case where the
heat radiation pattern CD1, and the like are not formed.

Particularly, for the wiring substrate CB3 of Third
Embodiment, as described previously, the heat radiation
path through the through electrode TE from the heat radia-
tion pattern CD1 wvia the washer WS1 and the screw BT to
the housing HS 1s formed. For this reason, from the view-
point of enhancing the heat radiation efliciency, preferably,
at least the heat radiation patterns CD1 and CD4, and the
through electrode TE are formed.

Fourth Embodiment

Then, an electronic device of Fourth Embodiment will be
described. FIG. 25 1s a partially enlarged cross sectional
view showing a fixed structure of a wiring substrate 1n the
clectronic device of Fourth Embodiment. FIG. 26 1s a
partially enlarged plan view showing a structure of a third
wiring layer of the wiring substrate 1n the electronic device
of Fourth Embodiment on an enlarged scale.

Although not shown, an electronic device ED4 of Fourth
Embodiment has a wiring substrate CB4 1n which electronic
components are mounted at a wiring substrate (substrate).
Other configurations than that of the wiring substrate CB3
are the same as those of the electronic device ED1 of First
Embodiment. For this reason, the circuit configuration of the
electronic device ED4 of Fourth Embodiment 1s the same as
the circuit configuration of the electronic device ED1 of
First Embodiment shown 1n FIG. 8. The difference between
the wiring substrate CB4 of Fourth Embodiment and the
wiring substrate CB1 of First Embodiment 1s in that at the
wiring layer WL3, a ground pattern (conductor pattern or
conductive film) CDg2 and a heat radiation pattern (con-
ductor pattern or conductive film) CDh4 are formed, and 1n
that the ground pattern CDg2 and the heat radiation pattern
CDh4 overlap each other in the in-plane direction of the
wiring substrate CB4. Below, the configuration of the wiring
substrate CB4 of Fourth Embodiment will be described
specifically.

As shown 1n FIG. 25, the ground pattern CDg2 1s formed
at the wiring layer WL3. Further, the heat radiation pattern
CDh4 1s formed at the wiring layer WL3. As shown 1n FIG.
25, i the present Fourth Embodiment, in the thickness
direction of the wiring substrate CB4, the semiconductor
device PKG1 and the ground pattern CDg2 overlap each
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other. Further, the ground pattern CDg2 and the heat radia-
tion pattern CDhd4 are formed at the same layer (the same
wiring layer) at the wiring substrate CB4. In the in-plane
direction of the wiring substrate CB4, the ground pattern
CDg2 and the heat radiation pattern CDhd4 overlap each
other. Further, in the thickness direction of the wiring
substrate CB4, the heat radiation pattern CDh4 and the
projection BS formed at the main body part 15 overlap each
other. Namely, the heat radiation pattern CDh4 overlaps the
region where the back surface CBb of the wiring substrate
CB4 and the housing HS are in contact with each other.
Herein, the overlapping region of the ground pattern CDg2
and the heat radiation pattern CDh4 1s expressed as an
overlap part OVP2a; the overlapping region of the heat
radiation pattern CDh4 and the projection BS, as an overlap
part OVP2b; and the overlapping region of the heat radiation
pattern CD4 and the projection BS, as an overlap part
OVP2c. Incidentally, the ground pattern CDg2 and the heat
radiation pattern CDhd4 are not electrically coupled with
cach other.

Then, the wiring layer WL3 of the wiring substrate CB4
will be described 1n more details.

As shown 1n FIG. 26, at the wiring layer WL3 of the
wiring substrate CB4, the heat radiation pattern CD3 1s
formed 1n a ring shape (1n such a manner as to surround the
through hole HC) along the outer circumierence of the
through hole HC. The heat radiation pattern CDh4 1s formed
in a quadrant shape 1n such a manner as to expand radially
and outwardly from the outer circumierence edge of the heat
radiation pattern CD3. The heat radiation pattern CDh4 1s
integrally formed with the heat radiation pattern CD3.
Namely, the heat radiation pattern CDh4 and the heat
radiation pattern CD3 are electrically coupled with each
other.

Then, from two radius parts of the heat radiation pattern

CDh4, branched parts CDhda, CDhd4b, CDhdc, and CDh4d,
and branched parts CDhde, CDhd4f, CDhdg, and CDhd/
formed mm a comb shape as a whole are formed in a
projecting manner, respectively.

Further, at the wiring layer WL3 of the wiring substrate
CB4, a ground pattern CDg?2 1s formed over the entire main
surface of the wiring substrate CB4 except for the region
where the heat radiation pattern CD3 1s formed (although
not shown, as with the ground pattern CDgl of First
Embodiment, except for the region where the through hole
HC, the through electrode TE, the through electrodes 2i and
27, the inputting coupling terminal NC, and the outputting
coupling terminal OC are formed). Branched parts CDg2a,
CDg2b, CDg2c, and CDg2d formed in a comb shape as a

whole are formed 1n such a manner as to be alternate with
the branched parts CDhda, CDh4b, CDhdc, and CDh4d of
the heat radiation pattern CDh4 at an interval t1 1n a
projecting manner from the side part of the ground pattern
CDg2 facing to one radius part of the heat radiation pattern
CDh4. Similarly, branched parts CDg2e, CDg2f, CDg2g,
and CDg2/ formed 1n a comb shape as a whole are formed
in such a manner as to be alternate with the branched parts
CDhde, CDhdf, CDhdg, and CDh4/ of the heat radiation
pattern CDh4 at an interval t1 1n a projecting manner from
the side part of the ground pattern CDg2 facing to the other
radius part of the heat radiation pattern CDh4.

Further, although not shown, the ground pattern CDg2 1s
formed of the power type ground pattern CDgp2 and the
control type ground pattern. Furthermore, the heat radiation
pattern CD3, the power type ground pattern CDgp2, and the
control type ground pattern are not electrically coupled,
respectively.
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Herein, as described previously, for the wiring substrate
CB4 of Fourth Embodiment, the overlapping region of the
heat radiation pattern CDh4 and the ground pattern CDg?2,
namely, the overlap part OVP2a 1s the region where the
branched parts CDh4a, CDh4b, and the like of the heat
radiation pattern CDh4, and the branched parts CDg2a,
CDg2b, and the like of the ground pattern CDg2 are alter-
nately combined as shown in FIG. 26.

As shown 1n FIG. 25, for the electronic device ED4 of the
present Fourth Embodiment, the heat generated from the
semiconductor device PK(G1 1s transmitted via the insulation
layer IL.3 and the msulation layer 1125 to the ground pattern
CDg2. Then, the heat transmitted to the ground pattern
CDg2 diffuses into the ground pattern CDg2, and 1s trans-
mitted to the heat radiation pattern CDhd4 overlapping the
ground pattern CDg2 in the in-plane direction of the wiring
substrate CB4 wvia the insulation layer 1L.2b (overlap part
OVP2a). Then, the heat transmitted to the heat radiation
pattern CDhd4 1s mainly transmitted to the heat radiation
pattern CD4 wvia the heat radiation pattern CD3 and the
through electrode TE. The heat transmitted to the heat
radiation pattern CD4 1s transmitted to the projection BS of
the main body part 15 overlapping the heat radiation pattern
CD4 1n the thickness direction of wiring substrate CB4 via
the mnsulation layer 1L.35 (overlap part OVP2¢). The heat
transmitted to the projection BS of the main body part 15
diffuses to the entire housing HS including the main body
part 15. The heat radiation path described up to this point 1s
indicated with arrows 1 FIG. 25.

Incidentally, 1t can also be considered that the heat trans-
mitted to the heat radiation pattern CDh4 1s transmitted to
the projection BS of the main body part 16 overlapping the
heat radiation pattern CDh4 1n the thickness direction of the
wiring substrate CB4 via the insulation layer 1125 and the
insulation layer 1L3b (overlap part OVP2b).

Further, as with First to Third Embodiments, for the
electronic device ED4 of Fourth Embodiment, other elec-
tronic components including the semiconductor devices
PKG2 and PKG3, and the coil L also overlap the ground
pattern CDg2 in the thickness direction of the wiring sub-
strate CB4 (plan view). For this reason, the heat generated
from the semiconductor devices PK(G2 and PKG3, the coil
L, and the like also diffuses via the ground pattern CDg2, the
heat radiation pattern CDh4, the heat radiation pattern CD4,
and the projection BS to the entire housing HS.

From the description up to this point, for the electronic
device ED4 of Fourth Embodiment, as shown in FIGS. 25
and 26, the heat radiation pattern CDh4 1s formed at the
wiring layer WL3 including the ground pattern CDg2
formed thereat. For this reason, at the wiring layer WL4,
only the heat radiation pattern CD4 1s formed around the
through hole HC of the circumierential part of the wiring
substrate CB4. Therefore, as compared with the electronic
device ED1 of First Embodiment to the electronic device
ED3 of Third Embodiment in each of which the heat
radiation pattern CDhl 1s formed at the wirning layer WL4,
for the electronic device FD4 of Fourth Embodiment, the
wiring region for elements such as the semiconductor device
PKG1 can be sufliciently ensured without reducing the
wiring region for elements such as the semiconductor device
PKG1 at the wiring layer WL4. For this reason, 1t 1s possible
to enhance the mounting efliciency of the semiconductor
devices, and other electronic components without increasing
the size of the wiring substrate CB4.

Further, in Fourth Embodiment, the heat radiation pattern
CDh4 and the ground pattern CDg2 are not electrically
coupled with each other. For this reason, as with First
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Embodiment described previously, even in the case where
the 1nner circumierential surface of the through hole HC 1s
cut by the screw BT, thereby to expose the heat radiation
pattern CDh4 when the wiring substrate CB4 1s fixed to the
projection BS, 1t 1s possible to prevent the malfunction of the
control type circuit resulting from the propagation of an
external noise from the housing HS via the heat radiation
pattern CDh4 to the ground pattern CDg2.

In Fourth Embodiment, the interval t1 between the heat
radiation pattern CDh4 and the ground pattern CDg2 1s
preferably smaller from the viewpoint of the heat radiation
ciliciency. On the other hand, from the viewpoint of avoid-
ing the electric contact between the heat radiation pattern
CDh4 and the ground pattern CDg2, the mterval t1 between
the heat radiation pattern CDh4 and the ground pattern
CDg2 1s preferably not set too small. From the description
up to this point, the interval t1 between the heat radiation
pattern CDh4 and the ground pattern CDg?2 1s preferably 0.1
mm or more and 0.8 mm or less.

However, for the electronic device ED4 of Fourth
Embodiment, the heat radiation pattern CDh4 and the
ground pattern CDg2 are formed at the same wiring layer
WL3. For this reason, it 1s not possible to set a large area of
the overlap part OVP2a of the heat radiation pattern CDh4
and the ground pattern CDg?2.

On the other hand, each heat radiation pattern CDhl of
First Embodiment and Third Embodiment, and the heat
radiation pattern CDh2 of Second Embodiment are formed
at the wiring layer WL4. For this reason, 1t 1s possible to set
a large area of the overlap part OVP1la with the ground
pattern CDgl formed at a separate wiring layer WL3. As
described 1n the section of Experimental results, when the
area of the overlap part OVP1a of the heat radiation pattern
CDhl or the heat radiation pattern CDh2 and the ground
pattern CDgl 1s larger, the heat transmitted from the semi-
conductor device PKG1 to the ground pattern CDgl 1is
transmitted to the heat radiation pattern CDhl or the heat
radiation pattern CDh2 with more efliciency. For this reason,
in First Embodiment to Third Embodiment, the thermal
conductivity efliciency can be enhanced than in Fourth
Embodiment.

From the description up to this point, when an importance
1s placed on the wirning etliciency, the configuration of the
clectronic device ED4 of Fourth Embodiment 1s preferably
adopted. On the other hand, when an importance 1s placed on
the heat radiation efliciency, as described previously, the
clectronic device ED1 of First Embodiment to the electronic
device ED3 of Third Embodiment are preferably adopted.

Incidentally, a description has been given by taking as an
example the case where at the wiring substrate CB4 of the
present Fourth Embodiment, the branched parts CDhda,
CDh4b, and the like formed 1n a comb shape as a whole from
the heat radiation pattern CDh4, and the branched parts
CDg2a, CDg2b, and the like formed 1n a comb shape as a
whole from the ground pattern CDg2 are formed. However,
the present invention 1s not limited thereto. It 1s essential
only that at the wiring substrate CB4 of Fourth Embodiment,
the heat radiation pattern CDh4 and the ground pattern
CDg2 overlap each other in the n-plane direction of the
wiring substrate CB4.

Further, a description has been given by taking as an
example the case where at the wiring substrate CB4 of the
present Fourth Embodiment, the heat radiation patterns
CD1, CD2, CD3, and CD4 and the through electrode TE are
formed. However, the present invention 1s not limited
thereto. For example, the heat radiation patterns CD1, CD2,

CD3, and CD4 and the through electrode TE can be omitted,
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i not required in manufacturing. However, as described
previously, when the heat radiation patterns CD1, CD2,
CD3, and CD4, and the through electrode TE are formed at
the wiring substrate CB4, a heat radiation path formed of the
heat radiation pattern CD1, and the like 1s formed. For this
reason, the formation of the heat radiation pattern CD1, and
the like at the wiring substrate CB4 can enhance the heat
radiation efliciency as compared with the case where the
heat radiation pattern CD1, and the like are not formed.

Particularly, when the heat radiation patterns CD3 and
CD4 and the through electrode TE are formed at the wiring
substrate CB4 of Fourth Embodiment, as described previ-
ously, a heat 1s transmitted from the heat radiation pattern
CDh4 and the heat radiation pattern CD3 through the
through electrode TE to the heat radiation pattern CD4, and
a heat radiation path 1s formed through which the heat is
released from the heat radiation pattern CD4 via the 1nsu-
lation film IL.35 to the projection BS. On the other hand
when the heat radiation patterns CD3 and CD4 and the
through electrode TE are not present, a heat radiation path 1s
formed through which the heat 1s released from the heat
radiation pattern CDh4 via the insulation film IL25 and the
insulation film IL35b to the projection BS. For this reason, the
heat radiation patterns CD3 and CD4 and the through
clectrode TE enable heat radiation from the heat radiation
pattern CDh4 close to the projection BS to the projection BS
not via the insulation film IL26 from the heat radiation
pattern CDh4. For this reason, from the viewpoint of
enhancing the heat radiation efliciency, at least the heat
radiation patterns CD3 and CD4 and the through electrode
TE are preferably formed.

Up to this point, the present invention completed by the
present inventors has been described specifically by way of
embodiments. However, It 1s naturally understood that the
present invention 1s not limited by the embodiments, and
may be variously changed within the scope not departing
from the gist thereof.

What 1s claimed 1s:

1. An electronic device, comprising: a wiring substrate
having a first main surface, a second main surface opposite
to the first main surface, and a plurality of wiring layers
arranged between the first main surface and the second main
surface; one or more components including a first semicon-
ductor device, mounted over the wiring substrate; and a
housing made of a metal for supporting the wiring substrate,
wherein the first semiconductor device has a switching
power transistor, wherein the housing 1s 1n contact with the
second main surface of the wiring substrate, wherein a first
conductor pattern 1s formed at a first wiring layer of the
wiring layers, wherein a second conductor pattern 1s formed
at a second wiring layer of the wiring layers, wherein the
first conductor pattern 1s a ground pattern for supplying a
ground potential or a power supply pattern for supplying a
power supply potential, and overlaps the first semiconductor
device 1n the thickness direction of the wiring substrate,
wherein the second conductor pattern 1s not electrically
coupled with any of the one or more components, and 1s also
not electrically coupled with the first conductor pattern,
wherein the second conductor pattern overlaps the first
conductor pattern 1n the thickness direction of the wiring
substrate, and wherein the second conductor pattern over-
laps a region where the housing and the wiring substrate are
in contact with each other in the thickness direction of the
wiring substrate.

2. The electronic device according to claim 1,

wherein the first semiconductor device 1s mounted over

the second main surface of the wiring substrate.
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3. The electronic device according to claim 2,

wherein the second wiring layer 1s the wiring layer closest
to the second main surface of the wiring layers.

4. The electronic device according to claim 1,

wherein the first wiring layer and the second wiring layer
are the adjacent wiring layers of the wiring layers.

5. The electronic device according to claim 1,

wherein the first conductor pattern 1s the ground pattern.

6. The electronic device according to claim 1,

wherein a motor 1s incorporated in the housmgj and

wherein an output from the first semiconductor device 1s
supplied to the motor for driving the motor.

7. The electronic device according to claim 1,

wherein the wiring substrate 1s fixed to the housing by a
bonding member made of a metal,

wherein the bonding member 1s arranged 1n a first through
hole penetrating through the first main surface and the
second main surface at the circumierential part of the
wiring substrate, and

wherein the second conductor pattern 1s formed at the
periphery of the first through hole, and overlaps the
housing at the periphery of the first through hole.

8. The electronic device according to claim 7,

wherein at the wiring layers, a third conductor pattern
including a plurality of conductor patterns overlapping
cach other 1in the thickness direction of the wiring
substrate 1s formed at the periphery of the first through
hole, and overlaps the housing at the periphery of the
first through hole.

9. The electronic device according to claim 8,

wherein the wiring substrate has:

a second through hole penetrating from a surface includ-
ing the uppermost wiring layer of the wiring layers
formed thereover toward a surface including the low-
ermost wiring layer formed thereover, and a through
clectrode formed 1n the inside of the second through
hole, and

wherein the second through hole 1s arranged at the periph-
ery of the first through hole.

10. The electronic device according to claim 9,

wherein the through electrode electrically couples the
conductor patterns forming the third conductor pattern,
and

wherein the second conductor pattern i1s electrically
coupled with the third conductor pattern.

11. The electronic device according to claim 7,

wherein the second conductor pattern extends along the
outer circumierence of the wiring substrate.

12. The electronic device according to claim 11,

wherein a plurality of the first through holes are provided,
and

wherein the second conductor pattern overlaps the hous-
ing at the periphery of the first through holes.

13. The electronic device according to claim 1,

wherein the second conductor pattern i1s electrically
coupled with the housing.

14. An electronic device, comprising: a wiring substrate
having a first main surface, a second main surface opposite
to the first main surface, and a plurality of wirning layers
arranged between the first main surface and the second main
surface; one or more components including a first semicon-
ductor device, mounted over the wiring substrate; and a
housing made of a metal for supporting the wiring substrate,
wherein the first semiconductor device has a switching
power transistor, wherein the housing 1s 1n contact with the
second main surface of the wiring substrate, wherein a first
conductor pattern and a second conductor pattern are formed
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at a first wiring layer of the wiring layers, wherein the first
conductor pattern 1s a ground pattern for supplying a ground
potential or a power supply pattern for supplying a power
supply potential, and overlaps the first semiconductor device
in the thickness direction of the wiring substrate, wherein the
second conductor pattern 1s not electrically coupled with any
of the one or more components, and 1s also not electrically
coupled with the first conductor pattern, wherein the second
conductor pattern overlaps the first conductor pattern in the
in-plane direction of the wiring substrate, and wherein the
second conductor pattern overlaps a region where the hous-
ing and the wiring substrate are 1n contact with each other 1n
the thickness direction of the wiring substrate.
15. The electronic device according to claim 14,
wherein the wiring substrate 1s fixed to the housing by a
bonding member made of a metal,
wherein the bonding member 1s arranged 1n a first through
hole penetrating from the first main surface toward the
second main surface at the circumierential part of the
wiring substrate, and
wherein the second conductor pattern 1s formed at the
periphery of the first through hole, and overlaps the
housing at the periphery of the first through hole.
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16. The electronic device according to claim 15,

wherein at the wining layers, a third conductor pattern
including a plurality of conductor patterns overlapping
cach other in the thickness direction of the wiring
substrate 1s formed at the periphery of the first through
hole, and overlaps the housing at the periphery of the
first through hole.

17. The electronic device according to claim 16,

wherein the wiring substrate has:

a second through hole penetrating from a surface includ-
ing the uppermost wiring layer of the wiring layers
formed thereover toward a surface including the low-
ermost wiring layer formed thereover, and a through
clectrode formed 1n the inside of the second through

hole, and
wherein the second through hole 1s arranged at the periph-

ery of the first through hole.

18. The electronic device according to claim 17,

wherein the through electrode electrically couples the
conductor patterns forming the third conductor pattern,
and

wherein the second conductor pattern 1s electrically
coupled with the third conductor pattern.
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